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FURTHER   EXPERIMENTAL  STUDIES   IN  TETANY.* 

By  W.  G.  MacCALLUM,  M.D.,  and  KARL  M.  VOGEL,  M.D. 

{From   the  Department   of   Pathology,   College   of  Physicians  and   Surgeons, 
Columbia  University,  New  York.) 

In  a  paper  read  before  the  German  Pathological  Association  at 
the  meeting  in  Strassburg  in  1912, 1  showed  that  the  galvanic  hyper- 
excitability  of  the  nerves,  which  is  a  characteristic  feature  of  tetany, 
is  due  to  a  change  in  the  blood  following  the  destruction  of  the 
parathyroid  glands.  It  was  demonstrated  that  after  section  of  a 
nerve  during  tetany  the  isolated  extremity  remained  hyperexcitable, 
and  that  such  an  isolated  extremity  became  hyperexcitable  if  extir- 
pation of  the  parathyroids  was  carried  out  after  the  cutting  of  the 
nerve.  Then  by  connecting  the  blood  vessels  of  an  animal  in  the 
height  of  tetany  with  those  of  the  leg  of  a  normal  animal  so  that  the 
peripheral  portion  of  the  nerves  of  the  limb  of  the  normal  animal 
were  bathed  in  tetany  blood,  it  was  demonstrated  that  an  excitability 
identical  with  that  found  during  tetany  appears  very  quickly  in  those 
nerves,  and  as  quickly  gives  place  to  the  normal  conditions,  when 
the  femoral  vessels  are  reunited  with  their  stumps  so  that  the  nerves 
are  again  supplied  with  normal  blood.  In  the  same  way  the  flooding 
of  one  leg  of  an  animal  in  tetany  with  normal  blood  reduces  the 
excitability  of  the  nerves  of  that  leg  to  the  normal  while  the  rest 
of  the  animal  is  in  tonic  and  clonic  convulsions. 

Tlie  restoration  of  the  femoral  vessels  to  their  original  connec- 
tions, so  that  the  animal's  own  blood  again  flows  through  the  leg, 
brings  that  extremity  back  to  the  condition  of  the  others,  and 
hyperexcitability  of  the  nerves  and  twitching  are  again  seen  there. 
Similarly  the  blood  removed  from  an  animal  during  the  convulsions 
of  tetany  and  defibrinated  may  be  perfused  through  the  vessels  of 
the  amputated  leg  of  a  normal  animal,  whereupon  its  nerves  become 

*  Received  for  publication,  July  2,  1913. 
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hyperexcitable.  If  normal  blood  and  tetany  blood  be  used  alter- 
nately in  this  perfusion  the  nerves  will  become  correspondingly 
normally  excitable  or  hyperexcitable.  That  this  is  not  due  to  any 
mechanical  disturbance  of  the  circulation  was  shown  by  numerous 
experiments. 

It  is  evident,  therefore,  that  after  the  extirpation  of  the  para- 
thyroid glands  there  appears  gradually  a  profound  change  in  the 
blood  which  makes  it  capable  of  acting  upon  the  nerves  or  their 
terminations  in  such  a  way  as  to  make  them  respond  to  electrical 
stimuli  far  more  rapidly  than  is  normal.  Doubtless  this  statement 
may  be  applied  to  the  nerve  cells  of  the  spinal  cord  and  brain  as 
well  as  to  those  of  the  sympathetic  system,  but  no  ready  means  of 
demonstrating  this  has  been  devised. 

It  seemed,  therefore,  that  since  one  might  obtain  in  a  bottle  blood 
capable  of  producing  this  characteristic  change  in  the  excitability  of 
the  nerves,  it  should  be  possible  to  determine  precisely  the  nature 
of  the  change  and  in  that  way  throw  light  more  directly  upon  the 
function  of  the  parathyroid  gland.  For  if  it  is  the  function  of  that 
gland  to  prevent  the  appearance  of  this  change  in  the  blood,  it 
should  be  possible  to  penetrate  further  into  the  activities  of  this 
typical  organ  of  internal  secretion  by  discovering  what  chemical 
changes  have  occurred  in  the  blood  when  the  gland  is  destroyed. 

Some  years  ago  upon  finding  that  tetany  in  animals  and  man 
could  be  interrupted  at  once  by  injections  of  a  salt  of  calcium, 
Voegtlin  and  I  suggested  and  upheld  the  idea  that  the  glands  in 
question  might  control  the  metabolism  of  calcium  so  that  after  their 
loss  a  serious  disturbance  in  the  calcium  content  of  the  blood  might 
take  place.  This  view  was  strengthened  by  the  discovery  that  the 
blood  of  animals  during  tetany  is  distinctly  poor  in  calcium  and  not 
especially  weakened  by  the  fact  that  other  substances  such  as 
strontium  and  magnesium  will  also  cut  short  the  tetany.  Undoubt- 
edly when  administered  in  this  way  the  effect  of  such  substances  is 
to  decrease  the  excitability  of  the  nerves,  and  it  is  plain,  therefore, 
that  the  effect  would  be  the  same  no  matter  what  substance  might  be 
responsible  through  its  absence  for  the  hyperexcitability. 

The  evidence  at  our  command  has  not  been  sufficient  to  enable  us 
to  say  with  certainty  what  is  the  nature  of  the  essential  change  in 
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tlie  blood  in  tetany,  and  this  is  the  problem  which  I  have  kept  before 
me  in  the  worl<  of  the  past  winter.  It  is  known  that  the  blood  drawn 
from  an  animal  in  tetany  differs  from  normal  blood  in  its  ability  to 
cause  hyperexcitability  of  the  nerves  with  which  it  comes  into  con- 
tact, but  it  is  still  a  matter  of  great  difficulty  to  analyze  this  blood 
and  to  determine  directly  what  change  in  its  composition  is  respon- 
sible for  its  new  properties.  Any  chemical  procedure,  even  one  so 
harmless,  to  all  appearances,  as  the  addition  of  Ringer's  solution,  will 
unfit  the  blood  for  perfusion  since  the  nerves  quickly  die  and  lose 
their  excitability  when  bathed  with  anything  but  fresh  intact  blood. 
Very  indirect  methods  must  therefore  be  used,  and  as  yet  it  cannot 
be  said  that  the  matter  is  cleared  up. 

Three  possibilities  presented  themselves  for  study,  although  of 
course  there  may  be  many  more. 

(i)  The  blood  in  tetany  may  contain  a  substance  somewhat  like 
strychnia  in  its  mode  of  action,  which  may  aft'ect  the  nerves  directly 
and  increase  their  excitability. 

(2)  The  blood  may  lack  the  normal  amount  of  calcium  and  in 
that  way  cause  the  nerves  to  become  hyperexcitable. 

(3)  The  poison  circulating  in  the  blood  may  be  of  the  nature  of 
an  oxalate  and  act  by  precipitating  and  thus  withdrawing  calcium 
from  the  tissue. 

The  simplest  way  in  which  this  group  of  possibilities  might  be 
tested  ought  to  be  through  the  intravenous  administration  of  an 
•  extract  of  the  parathyroid  gland.  If  this  can  counteract  the  effect 
of  destruction  of  the  parathyroids  it  must  act  upon  the  substances 
indicated  in  the  first  and  third  of  the  above  possibilities,  since  the 
extract  of  the  parathyroid  could  hardly  contain  enough  calcium  to 
be  curative  in  the  case  of  the  second  possibility.  If  then  the  addition 
of  parathyroid  extract  to  the  tetany  blood  used  in  perfusion  should 
eliminate  its  exciting  eft'ect,  there  must  be  a  strychnia-like  poison 
there,  or  else  a  substance  capable  of  throwing  out  of  action  the 
calcium  normally  present.  If  not  it  would  seem  most  probable  that 
the  blood  had  been  simply  deprived  of  its  calcium. 

Several  experiments  of  this  sort  were  made,  of  which  the  follow- 
ing will  be  recorded. 
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Text-fig.   i.     Perfusion  of  leg  with  tetany  blood.     Parathyroid  extract  added 

at  intervals. 
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Text-fig.  3.     Perfusion  of  leg  with  tetanj'  blood.     Large  doses  of  parathyroid 

added.     Nerves  injured. 
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The  parath3'roid  extract  seems  to  have  little  effect  unless  a  large 
dose  is  given,  when  it  seems  capable  of  killing  the  nerves,  as  is 
shown  in  dog  1,260.    The  circulation  was  perfect  throughout. 

Dog  1,260. —  (Text-figure  3.)  Normal  excitability.  Perfusion  at  II  A.  M.  with 
tetany  blood  to  which  there  was  added  parathyroid  extract  as  follows :  20  c.c.  at 
11.20  A.  M.,  20  c.c.  at  11.30,  and  7  c.c.  at  11.40. 


10.00 

11.00 

11.10 

11.20 

11.30 

11.40 

11. 50 

12,00 

KC 

0.1 

Perfusion  com- 
plete. 

0.1 

0.03 
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0.1 

1.6 

4.0 

KO 

Negative  at 
4.0 

1.2 

0.2 

0.2 

0.3 

1.6 

4.0 

AC 

0.5 

0.3 

0.1 

o.i 

0.2 

1.4 

4.0 

AO 

1.2 

0.3 

0.1           1      0.2        1     0.5    1     1.4 
a                 a             a 

4.0 

Parathyroid  extract  injected  at  a.     Circulation  good. 


It  was  thought  probable  that  since  such  tests  last  through  a  rela- 
tively short  time  their  results  might  be  untrustworthy,  and,  further, 
that  in  case  the  action  of  the  parathyroid  were  directed  against  an 
oxalate-like  substance  there  would  be  very  little  source  for  fresh 
calcium  from  the  small  amount  of  bony  and  other  tissue  in  one 
extremity.  For  these  reasons  it  seemed  better  to  determine  the 
effect  of  direct  injections  of  parathyroid  extract  into  the  jugular 
vein  of  an  animal  in  the  height  of  tetany.  Ten  such  experiments 
were  made,  all  with  practically  the  same  result,  so  that  only  two  or 
three  will  be  recorded  here.  The  extract  of  parathyroid  glands  used 
was  made  in  some  instances  from  the  glands  of  the  ox  and  extracted 
with  Ringer's  solution  after  being  ground  up  fine  with  sand.  The 
slightly  blood-tinged  filtrate  from  this  suspension  was  used  without 
any  further  treatment.  In  some  of  the  experiments  glycerin  was 
added  to  the  Ringer's  solution  which  was  used  in  the  extraction.  In 
other  cases,  since  it  seemed  possible  that  the  extract  from  ox  para- 
thyroid might  be  inefificient  in  the  tetany  of  the  dog,  an  extract  was 
made  from  dog's  parathyroids  which,  fortunately,  were  obtainable 
in  large  numbers.  The  same  methods  of  extraction  were  used,  and 
in  one  case  128  glands  were  extracted  in  fifty  cubic  centimeters,  in 
the  other  seventy  glands. 
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Such  extracts,  as  well  as  the  nucleoproteid  precipitated  from  them 
by  slight  acidulation,  have  been  used  clinically  to  alleviate  the  symp- 
toms of  tetany  and  we  have  reported  the  apparent  good  effect  in 
cases  of  experimental  tetany  when  administered  intravenously  or 
subcutaneously.  When  they  liave  been  given  by  mouth  I  have  not 
obtained  any  special  effect,  but  that  is  the  method  employed  in 
treating  human  beings,  and  beneficial  results  have  been  reported. 
The  course  of  experimental  tetany  is  notoriously  irregular  and 
remissions  in  its  severity  are  common.  Nevertheless,  in  earlier 
experiments  I  have  been  convinced,  as  I  have  in  this  later  series, 
and  as  many  others  have  reported,  that  distinct  prolongation  of  the 
animal's  life  could  be  attained  by  the  intravenous  injection  and  that 
the  twitchings  and  convulsions  could  be  definitely  diminished  or  even 
stopped.  All  these  experiments  were  very  rough,  however,  and  no 
exact  measure  of  the  effect  could  be  recorded.  Now  when  we  can 
measure  exactly  at  least  one  feature  of  the  disturbance,  it  is  sur- 
prising to  find  that  even  enormous  doses  of  parathyroid  extract 
given  intravenously  do  very  little  to  lower  the  increased  excitability 
of  the  nerves.  It  is  true  that  in  some  cases  there  may  be  a  temporary 
lowering  but  it  is  ephemeral,  and  in  most  instances  all  the  readings 
remain  up  in  the  tetany  level.  Yet  the  animal  shows  a  much 
decreased  tendency  to  outspoken  tetany  and  lives  a  good  deal  longer, 
so  that  the  idea  obtrudes  itself  that  there  may  be  another  factor  of 
importance  which  is  different  from  that  which  produces  the  nervous 
hyperexcitability,  or  that  the  ganglion  cells  are  more  readily  affected 
by  the  extract  than  the  nerve  terminations.  The  character  of  this 
effect  will  become  clear  in  the  following  protocols  and  curves,  but 
from  them,  and  taking  into  consideration  the  enormous  doses  given 
directly  into  the  vein,  it  seems  questionable  that  the  mere  adminis- 
tration of  small  doses  by  mouth  should  really  have  the  specific 
effects  so  often  attributed  to  it. 
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Text-fig.  4.     Indefinite  tetany.     Injections  of   parathyroid   extract. 
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Dog  7,j/p.— (Text-figure  5.)  Parathyroids  removed  February  23.  Violent 
tetany  February  26.  Given  two  small  doses  of  extract.  Tetany  disappeared  or 
remained  indefinite.  Excitability  decreased  slightly  after  each  injection  but  re- 
mained high. 
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Dog  I, $30. —  (Text-figure  6.)  Parathyroids  removed  February  23.  Tetany 
distinct  but  not  violent  on  February  28.  Rather  indefinite  throughout  the  rest 
of  the  ten  days'  course,  despite  the  high  excitability.  Two  small  doses  of  extract 
given  without  obvious  result. 
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Larger   doses   were   now- 


used,    as   is   shown   in   the    following 


protocols. 
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Text-fig.  9.     Tetany,     Repeated  injections  of  extract  of  dog's  parathyroid. 


It  was  feared  that  the  slight  effect  of  the  injections  of  para- 
thyroid extract  might  be  due  to  tlie  fact  that  ox  parathyroids  were 
used,  and  therefore  an  effort  was  made  to  obtain  a  sufficient  number 
of  the  parathyroid  glands  of  dogs  to  enable  us  to  test  the  influence 
of  an  extract  of  those  glands  upon  the  tetany  of  a  dog.  In  each 
instance  about  100  glands  were  extracted  in  fifty  cubic  centimeters 
of  Ringer's  solution  (without  calcium.)  In  one  case  (dog  1,346) 
this  fluid  alone  was  used  in  extracting.  In  another  (dog  1,350) 
glycerin  was  added.  In  neither  instance  did  the  effect  seem  greater 
than  in  the  case  of  the  cow  parathyroid. 
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Dog  1,346. —  (Text-figure  9.)  Parathyroids  removed  May  19.  Tetany  on  May 
22.  Large  doses  of  extract  were  given  at  intervals,  but  the  twitching  persisted 
throughout  the  five  days  during  which  the  dog  lived. 
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Dog  i,3iO. —  (Text-figure  10.)  Parathyroids  removed  May  23.  Tetany  varies 
and  is  sometimes  outspoken ;  sometimes  there  is  only  a  slight  twitching  in  spite 
of  the  large  doses  of  dog  parathyroid. 
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The  result  of  these  experiments  seems  to  show  that  even  where 
relatively  large  doses  of  an  extract  of  fresh  parathyroid  glands  are 
administered  in  what  would  seem  the  most  natural  and  most  advan- 
tageous method  (intravenously)  to  animals  in  tetany,  the  hyper- 
excitability  of  the  nerves  is  not  reduced  at  all  or  is  lowered  only 
temporarily  and  slightly,  returning  in  a  few  hours  to  the  original 
high  level.  Nor  does  it  seem  possible  to  keep  an  animal  alive  indef- 
initely by  these  injections  when  the  parathyroid  glands  have  been 
destroyed,    although   it   is   clear  that   life   is   distinctly   prolonged 
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Text-fig.  io.     Tetany.    Injection- of  parathyroid  extract  into  vein. 


thereby.  One  is  disposed  to  ask  whether  there  may  not  be  some 
other  feature  of  tetany  apart  from  the  hyperexcitability  of  the 
nerves  which  is  beneficially  affected  by  the  extract. 

The  effect  upon  the  hyperexcitability  of  the  nerves  is  peculiar  also 
inasmuch  as  the  convulsions  and  twitchings  practically  disappear, 
and  an  animal  found  in  complete  rigidity  with  violent  clonic  contrac- 
tions and  tachypnea  may  be  relieved  and  kept  alive  in  a  relaxed  con- 
dition by  the  injection,  although  the  electrical  excitability  of  the 
peripheral  nerves  is  practically  unaltered.  This  is  very  different 
from  the  effect  of  injecting  calcium  under  the  same  circumstances, 
for  then  the  disappearance  of  the  convulsions  seems  to  be  explained 
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by  the  extreme  dampening  of  the  excitability  of  the  nerves.  One 
can  only  imagine  that  in  the  case  of  the  parathyroid  injection  the 
excitabihty  may  be  lowered  just  below  the  threshold  at  which 
convulsions  may  occur.  But  the  charts  do  not  uphold  this  and 
there  are  many  occasions  when  the  electrical  record  is  very  high, 
though  no  twitchings  are  visible,  while  a  few  hours  later  with  rather 
lower  excitability  there  may  be  violent  convulsions  ( text-figure  lo  ). 

Another  possibility  suggests  itself,  namely,  that  the  excitability 
of  the  ganglion  cells  which  send  forth  the  impulses  producing  con- 
vulsions may  be  more  readily  aftected  by  the  parathyroid  extract 
than  that  of  the  peripheral  nerves.  Such  a  condition  would  explain 
very  well  the  rather  curious  effect  of  the  extract.  Even  so  the 
problem  remains  as  to  whether  the  death  of  the  parathyroidecto- 
mized  animal  is  the  result  of  the  mere  mechanical  exhaustion  from 
the  convulsions  or  of  a  general  intoxication. 

These  experiments  are  unsatisfactory  in  throwing  light  on  the 
question  which  we  have  set  ourselves  to  decide, — whether  the  alter- 
ation in  the  blood  in  tetany  is  a  mere  loss  of  calcium,  the  presence  of 
an  oxalate-like  substance  capable  of  precipitating  or  rendering  in- 
active the  normal  calcium,  or  the  presence  of  a  new  poison  some- 
what like  strychnia.  The  results  might  be  compatible  with  the  first 
view  or  even  with  the  second  if  it  proved  that  after  neutralization 
of  the  oxalate-like  substance  the  body  failed  to  furnish  enough 
fresh  calcium  to  the  tissues  to  make  up  the  loss.  Of  course  it  may 
be  that  the  extracts  are  faulty  and  inert  in  comparison  with  the 
activity  of  even  the  slightest  amount  of  living  parathyroid  tissue. 
It  may  be  that  the  gland  acts  not  by  way  of  any  secretion  but 
through  its  influence  upon  substances  brought  to  its  living  cells  by 
the  circulating  blood.  And  for  that  reason  it  may  be  that  we  are  not 
really  testing  the  third  possibility  with  which  these  results  seem  so 
incompatible.  A  poison  directly  affecting  the  nerve  cells  might 
require  living  gland  tissue  for  its  destruction.  Against  this  stands 
the  fact  brought  out  in  the  last  paper  that  the  blood  of  a  normal 
animal  will  reduce  the  excitability  of  the  nerves  to  normal  after  it 
has  been  heightened  by  tetany  blood.  Of  course  this  in  turn  might 
be  due  to  the  presence  of  a  sufficient  amount  of  fresh  calcium  in  the 
normal  blood  and  the  question  is  again  unsettled.     It  might  be 
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thought  that  the  matter  could  be  decided  by  bleeding  an  animal  in 
tetany  and  restoring  calcium-free  Ringer's  solution,  and  although 
this  has  been  done  and  results  as  a  matter  of  fact  in  the  lowering  of 
the  excitability,  it  does  so  also  in  normal  animals  and  therefore  is 
not  specific.  Possibly  it  is  due  to  a  disturbance  of  the  nutrition  of 
the  nerves.    A  few  protocols  will  illustrate  this  point. 


Dog  I,3SI. —  (Text-figure  II.)  Normal  animal  with  average  excitability. 
Bled  325  c.c.  Blood  replaced  by  500  c.c.  of  calcium-free  Ringer's  solution.  Excit- 
ability tested  before  and  each  hour  after  this  operation. 
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Dog  1,324. — Large  normal  dog;  weight  30  kilos.     Bled  630  c.c.  from  carotid. 
1,400  c.c.  of  Ringer's  solution  without  calcium  were  run  into  the  jugular  vein. 
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Dog  1.301. —  (Text-figure  12.)  Parathyroids  removed  January  31.  Violent 
tetany  February  3,  11.30  .\.  M.  Bled  450  c.c.  250  c.c,  of  Ringer's  solution  without 
calcium  were  injected.     Died  at  s  p.  m. 
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Text-fig.   ii.     Bleeding  followed  by  injection  of  Ringer's  solution  without 

calcium. 
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Text-fig.  12.     Tetany.    Bled  450  c.c. ;  250  c.c.  Ringer's  solution  without 
calcium  returned. 
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Text-fig.  13.     Tetany.     Bled  500  c.c. ;  1,200  c.c.  Ringer's  solution  without 

calcium  in  vein. 


Dog  1,310. —  (Text-figure  13.)  Parathyroids  removed  February  q.  Tetany 
distinct  February  14.  4  p.  m.  Bled  500  c.c.  at  4.50  p.  m.  1,200  c.c.  of  Ringer's 
solution  without  calcium  were  injected  into  the  jugular  at  5.10  p.  m. 
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Dog  1,314. —  (Text-figure  14.)  Parathyroids  removed  February  18.  High 
excitabihty  but  not  violent  tetany  on  February  21.  At  3.40  bled  500  c.c.  1,000  c.c. 
of  Ringer's  solution  without  calcium  were  introduced. 
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One  feels  almost  sure  from  these  experiments  that  the  method  is 
too  coarse  to  throw  any  light  upon  the  nature  of  the  alteration  of  the 
blood  in  tetany.  The  excitability  of  the  nerves,  as  we  have  seen 
from  perfusion  experiments  and  those  concerned  with  anemia,  is  a 
property  so  delicate  that  it  is  readily  disturbed  or  destroyed  by 
measiires  which  change  in  any  marked  degree  the  character  or 
amount  of  the  nutritive  blood  supply.  It  is  probably  for  this  reason 
that  the  symptoms  of  tetany  may  be  relieved,  as  iMeltzer-  pointed 
out,  by  the  injection  of  a  great  amount  of  strong  salt  solution,  and 
not  because  of  any  specific  action  of  the  sodium  chloride.  That  such 
effects  pass  off  after  a  time  is  due  doubtless  to  the  power  of  the 
body  to  reestablish  the  normal  composition  of  the  blood. 

Other  methods  of  attack  which  we  have  previously  used  ha\e  been 
employed  again,  and  the  results  will- be  recorded  here. 

Since  we  know  definitely  that  the  blood  of  an  animal  in  tetany 
differs  from  that  of  a  normal  animal,  it  would  at  first  sight  seem 
possible  to  study  the  blood  directh',  but  the  difficulties  are  very  great. 
Direct  analyses  to  show  the  calcium  content  can  of  course  be  made, 
and  some  have  been  recorded  in  a  previous  paper, ^  showing  a 
marked  decrease  in  the  calcium  content  during  tetany. 

It  was  thought  that  chemical  analyses  might  contribute  something 
to  the  understanding  of  the  action  of  the  parathyroid  extract,  if  we 
should  determine  any  dififerences  between  the  calcium  contents  of 
the  blood  of  untreated  dogs  suffering  from  tetany  and  that  of  dogs 

2  Joseph,  D.  R..  and  Meltzer.  S.  J..  Jour.  Pharmacol,  and  E.vper.  Therap., 
1910-11,  ii,  361.     Voegtlin,  C,  and  MacCallura,  W.  G.,  ihid.,  p.  439. 

2  MacCallum,  W.  G.,  and  Voegtlin,  C,  Jour.  E.xpcr.  Med.,  1909,  xi,  142. 
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Text-fig.  14.    Tetany?    At  3  p.  m.  on  February  21  bled  500  c.c,  1,000  c.c.  of 
Ringer's  solution  returned. 

which  had  received  repeated  doses  of  parathyroid  extract.  In  other 
cases  we  analyzed  the  blood  of  dogs  from  which  most  of  the  para- 
thyroid tissue  had  been  removed  because,  as  we  supposed,  some  of 
the  gland  tissue  had  remained  uninjured.  There  are  therefore  four 
categories  into  which  these  animals  fall. 


Normal. 

Dog  1,324 — 0.0624 
Dog  1,360—0.0731 
Dog  1,361 — 0.0580 
Dog  1,362 — 0.0502 


Tetany. 

Dog  1.349—0.0156 
Dog  1,352—0.0322 
Dog  1,348 — 0.0226 
Dog  1,353—0.0390 


Tetany  treated  with 
parathyroid  extract. 

Dog    1,350 0.0200 

Dog  1,331—0.0264 
Dog  1,332—0.0436 


Partial  parathyroid- 

ectomy  without 

tetany. 

Dog  1.344— 0.0541 
Dog  1,345—0.0444 
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These  figures  represent  the  content  in  calcium  in  grams  of  i,ooo 
grams  of  blood.  The  analyses  were  made  by  the  method  of  Neu- 
mann, the  calcium  being  estimated  gravimetrically  and  not  by  titra- 
tion with  potassium  permanganate.  They  were  made  without 
knowledge  of  the  history  of  each  case  and  compared  only  after  all 
were  finished.  It  is  plain  from  these  figures  that  the  calcium  con- 
tent of  the  blood  of  normal  dogs  and  of  those  which  did  not  develop 
any  symptoms  of  tetany  even  though  the  parathyroid  gland  tissue 
was  much  reduced  is  much  higher  than  in  the  other  two  groups.  It 
may  be  observed  further  that  the  great  decrease  in  the  amount  of 
calcium  in  the  blood  of  the  animals  which  show  tetany  persists  in 
spite  of  the  injection  of  parathyroid  extract,  a  point  which  is 
significant  and  in  accord  with  the  results  of  the  electrical  tests  of 
nervous  excitability.  Probably  we  may  conclude  from  this  that  the 
idea  that  parathyroid  extract  might  stop  the  tetany  by  heightening 
in  some  way  the  calcium  content  of  the  blood  is  without  actual 
foundation. 

Several  attempts  were  made  in  the  direction  of  imitating  the 
action  of  a  possible  oxalate-like  substance  in  the  blood  by  injecting 
a  solution  of  sodium  oxalate  into  the  vein.  In  a  previous  paper  it 
was  shown  that  the  addition  of  a  minute  quantity  of  sodium  oxalate 
to  the  normal  blood  used  in  perfusing  a  limb  caused  a  hyperexcita- 
bility  of  the  nerves,  but  that  it  was  difiicult  to  carry  out  this  experi- 
ment without  killing  the  nerves.  Sarvonat  and  Roubier^  have 
shown  that  the  prolonged  administration  of  oxalates  by  mouth  will 
finally  produce  such  hyperexcitability  which  could  be  measured 
electrically.  The  injection  of  quite  large  quantities  of  the  oxalate 
into  the  veins  of  an  animal  should  produce  such  a  change,  but  several 
experiments  of  this  sort  have  given  practically  no  result  although  the 
animal  sometimes  died  during  the  injection.  The  solution  was  then 
allowed  to  run  into  the  vein  much  more  slowly,  and  although  it 
caused  vomiting  and  depression  it  produced  no  especial  change  in  the 
excitability  of  the  nerves.  When,  however,  the  same  animal  was 
again  injected  the  next  day  or  the  day  after,  the  efifect  became 
noticeable  (text-figure  15). 

■*  Sarvonat.  F.,  and  Roubier,  Ch..  Arch,  dc  mcd.  exper.,  1911.  xxiii,  584;  Jour, 
de  physiol.  et  de  path,  gen.,  191 1,  xiii,  565. 
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Dog  1,357. —  (Text-figure  15.)  Normal  animal.  On  June  23  a  2  per  cent,  solu- 
tion of  sodium  oxalate  was  slowly  run  into  the  vein  so  that  several  minutes  were 
occupied  in  the  introduction  of  5  c.c.  No  especial  effect  was  produced.  30  c.c. 
of  the  solution  were  administered.  Two  days  later  41  c.c.  of  the  same  solution 
were  run  into  the  vein  continuously  but  very  slowly.  This  produced  a  distinct 
rise  in  the  excitability  of  the  nerves. 
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It  is  important  that  more  experiments  lasting  over  a  longer 
period  should  be  carried  out,  since  the  body  seems  to  be  able  to 
repair  for  a  time  the  injury  to  the  blood  caused  by  the  oxalate.  It 
was  quite  remarkable  to  observe  that  the  heart  blood  taken  from  a 
small  dog  which  had  died  during  the  administration  of  the  2  per 
cent,  oxalate  after  twenty-eight  centimeters  had  run  in,  clotted 
firmly  within  five  minutes.  It  seemed  that  this  amount  sliould  be 
sufficient  to  prevent  the  clotting  in  a  small  dog  weighing  only  about 
five  kilograms,  but  apparently  the  circulating  blood  can  protect  itself. 
Wlien  the  introduction  of  oxalate  is  repeated  this  protection  seems 
to  become  less  and  less  available,  until  finally  the  effect  is  observed 
in  the  nerves. 

SUMMARY. 

It  has  been  our  aim  to  determine  in  what  particular  the  blood  is 
altered  during  tetany  so  that  it  can  produce  hyperexcitability  of  the 
motor  nerves.  As  a  working  hypothesis  it  has  been  assumed  that 
(i)  there  may  be  a  lack  of  calcium  in  the  blood  and  tissues;  (2) 
there  may  be  a  circulating  poison  which  like  an  oxalate  could  render 
inactive  the  circulating  calcium;  and  (3)  there  may  be  a  substance 
in  circulation  vaguely  resembling  strj'chnia  in  its  action  upon  the 
nervous  system  and  directly  causing  the  hyperexcitability.     It  is 
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impossible  to  decide  with  our  present  knowledge  which,  if  an}',  of 
these  explanations  is  the  true  one,  but  certain  experimental  results 
are  brought  forward.  If  tetany  blood  be  used  to  perfuse  a  normal 
leg  the  excitability  of  the  nerves  rises  to  a  characteristically  high 
level  and  the  addition  of  parathyroid  extract  to  the  blood  has  little 
or  no  effect  in  lowering  this  excitability. 

Parathyroid  extract  whether  from  the  ox  or  the  dog  fails  when 
injected  into  the  circulation  of  an  animal  in  tetany  to  reduce  the 
excitability  of  the  nerves  markedly  or  permanently,  although  it 
seems  to  affect  the  more  sensitive  ganglion  cells  thus  cutting  ofif 
excessive  impulses  to  the  peripherj'.  Although  the  nerves  remain 
hyperexcitable,    tetany    is   usually   much   diminished    or  abolished 


650  Experimental  Studies  in  Tetany. 

entirely.  This  seems  to  be  analogous  to  the  action  of  ether  or 
any  other  anesthetic  which  may  inhibit  the  activities  of  the  gan- 
glion cells,  although  it  leaves  the  nerves  excitable  and  able  to  con- 
duct impulses.  An  animal  in  tetany  relaxes  instantly  on  being  given 
ether  although  the  excitability  of  the  nerves  to  electric  currents  is 
little  changed. 

Bleeding  followed  by  the  replacement  of  the  blood  with  an  in- 
different solution  free  from  calcium  stops  tetany  and  lowers  the 
excitability  of  the  ner\es.  Probably  this  cannot  be  ascribed  to  the 
removal  of  a  circulating  poison,  but  rather  to  a  general  disturbance 
of  the  nutrition  of  the  nervous  system. 

Oxalate-like  substances  introduced  into  the  circulation  rapidly, 
and  for  a  short  time  only,  may  kill  the  animal,  but  they  seem  to 
produce  no  change  in  the  excitability  of  the  nerves.  If  the  solution 
is  injected  very  slowly  and  over  a  long  period  the  protective  action 
of  the  body  seems  to  be  overcome  and  the  excitability  of  the  nerves 
rises  to  high  levels.  This  seems  to  resemble  somewhat  the  latent 
period  after  the  destruction  of  the  parathyroid  before  tetany  begins. 

Direct  analysis  of  the  blood  shows  that  as  compared  with  the 
normal,  the  blood  of  an  animal  in  tetany  is  very  poor  in  calcium. 
Administration  of  parathyroid  extract  does  not  increase  this  calcium 
content.  On  the  contrary,  if  the  extirpation  of  the  parathyroids  has 
been  incomplete  so  that  tetany  does  not  appear,  the  calcium  content 
of  the  blood  is  that  of  the  normal  animal. 

Even  yet,  therefore,  in  spite  of  our  efforts  to  shake  it,  the  theory 
that  tetany  is  closely  dependent  upon  a  disturbance  of  the  calcium 
content  of  the  blood  is  supported  by  stronger  evidence  than  any 
other  idea,  but  much  remains  to  be  done  before  a  clear  conception 
of  the  process  is  reached. 
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Ix  the  course  of  acute  infections  it  is  well  known  that  the  patient 
may  die  with  symptoms  somewhat  like  those  of  surgical  shock. 
The  blood-pressure  falls,  the  pulse  becomes  weak  and  small,  the 
skin  is  pale  or  cyanotic  about  the  nose  and  ears,  sweating  and 
vomiting  ensue,  and  with  shallow  respiration  and  general  collapse 
the  heart  stops  beating. 

The  discussion  as  to  the  mechanism  of  this  disturbance  is  so 
well  known  that  only  the  briefest  resume  need  be  given  here.  It 
had  long  been  thought  from  clinical  observations  that  the  affec- 
tion might  be  one  of  the  vasomotor  apparatus  rather  than  the 
heart  itself  and  Romberg,  Paessler,  Briihns  and  -Nliiller  attempted  to 
prove  this  in  the  case  of  diphtheria,  pneumococcus,  and  pyocyaneus 
infections  by  experimental  studies.  In  these  studies  they  relied 
upon  certain  methods  which  aimed  to  demonstrate  that  the  heart 
would  regain  its  activity  if  the  failure  of  the  vasomotor  apparatus 
were  overcome  in  some  way  and  that  those  things  which  ordinarily 
caused  vasomotor  reactions  were  ineffectual.  Thus  they  found  that 
the  mechanical  expression  of  the  blood  from  the  splanchnic  veins 
into  the  heart  would  restore  for  a  time  the  aortic  pressure  and  with 
that  the  coronary  blood  supply  and  thus  the  nutrition  and  acti\ity 
of  the  heart.  The  same  could  be  produced  by  compressing  the 
aorta.  Barium  chloride  still  caused  the  vessels  to  contract  but 
sensorv  stimuli  had  lost  their  effect.     They  therefore  concluded 
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that  the  circulatory  failure  was  not  due  primarily  to  injury  of  the 
heart  but  rather  to  the  paralysis  of  vasomotor  centres  in  the  brain 
which,  causing  a  lowering  of  arterial  resistance,  quickly  affected 
the  heart  throught  the  diminished  coronary  supply  to  the  heart 
wall.  Romberg  especially  pointed  out  the  fact  that  if  the  heart 
were  at  fault  all  these  tests  should  fail. 

Then  Stejskal  criticised  their  methods,  showing  that  abdominal 
massage  could  increase  arterial  pressure  even  in  a  dead  animal  and 
that  its  efi'ects  are  very  transient.  He  believed  that  the  heart 
itself  is  directly  injured  and  fails  on  that  account.  Gottlieb  sup- 
ported this  view  to  some  extent,  believing  that  the  withdrawal 
of  blood  from  the  coronary  circulation  need  not  kill  the  heart  so 
rapidly  since  a  heart  may  be  kept  for  hours  after  the  animal's 
death  and  then  revised  by  perfusion.  He  therefore  thought  death 
probably  due  to  respiratory  stoppage  with  subsequent  failure  of 
the  heart  due  to  its  injury  by  the  poison. 

Roily  and  Paessler  later  reviewed  the  subject  and  seem  to  admit 
the  force  of  Stejskal's  objections  as  to  the  abdominal  massage, 
and  though  they  maintain  the  idea  that  the  injury  to  the  heart  is 
through  malnutrition,  they  state  that  it  becomes  very  susceptible 
to  other  injuries.  Other  writers  whose  papers  are  referred  to  below 
lean  to  one  or  the  other  view  or  accept  the  idea  that  both  vaso- 
motor paralysis  with  its  consequences  and  direct  injury  to  the 
heart  wall  occur. 

In  the  cour.se  of  a  study  of  the  mechanical  conditions  present 
in  aortic  insufficiency,  a  plan  was  devised  by  which  the  influence 
of  the  vasomotors  might  be  almost  entirely  eliminated  and  the 
work  of  the  heart  studied  by  itself.'  This  plan  consisted  in  simply 
dividing  the  aorta  near  its  root  and  connecting  it  with  a  long  rubber 
tube  ending  in  a  curved  glass  outlet  which  could  be  elevated  to 
any  height  upon  a  graduated  upright  pillar.  The  aortic  pressure 
could  in  this  way  be  set  at  any  point  according  to  the  height  to  which 
the  heart  must  drive  the  blood  against  the  force  of  gravity.  The 
blood  which  escaped  fell  into  a  cistern  and  returned  through  another 
long  tube  to  the  distal  part  of  the  aorta.    Of  course  by  applying  this 
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arrangement  to  an  animal  in  the  collapsed  condition  which  follows 
poisoning  with  the  diphtheria  toxin  the  injurious  effects  of  paralysis 
of  the  vasomotors  would  be  removed  at  once,  and  if  the  theory  of 
the  Leipzig  school  be  correct,  the  heart  should  return  to  its  normal 
activity  and  the  animal  continue  to  live. 

The  following  protocols  will  illustrate  the  results  of  this  experi- 
ment: 

Dog  1.  Weight  8.9  kg.,  April  25,  1911,  1  a.m.  Given  1  c.c.  iliphtheria 
toxin  intravenously.  At  11  a.m.  the  animal  was  foimd  IjTng  sick  in  the 
cage.  Carotid  pressure  taken  at  11.30.  Chest  opened  and  circulation 
arranged  as  described,  the  outlet  being  set  at  130  cm.  which  was  the  carotid 
pressiu-e  before  the  operation.  The  heart  beat  well  for  two  hours,  after 
which  there  appeared  great  edema  of  the  lungs  and  the  heart  dilated  and 
stopped.  All  of  the  organs  were  found  to  be  edematous  and  to  show 
numerous  ecchymoses.  The  heart  beat  regularly  throughout  and  the  out- 
put was  well  maintained. 

Dog  6.  Weight  6.6  kg..  May  3,  1911.,  12.4.5  a.m.  Given  0.75  c.c.  diph- 
theria toxin  intravenously.  At  1  p.m.  carotid  pressure  taken,  aorta  cut  and 
external  circulation  arranged.  This  finished  at  1.20  and  the  heart  beat 
weO  until  3.10,  when  there  was  extreme  edema  of  the  lungs  and  of  other 
organs.  In  the  heart,  which  was  otherwise  grossly  normal,  there  were 
man}'  hemorrhages.  Here  as  in  the  first  case  the  heart  continued  active 
for  two  hours. 

Dog  7.  Weight  10.3  kg..  May  5,  1911,  12.30  a.m.  Given  2  c.c.  diph- 
theria toxin  intravenously.  At  12  noon  dog  was  apathetic  and  drowsy. 
At  2  P.M.  vomited  and  appeared  very  weak.  Artificial  or  external  circu- 
lation arranged  at  2.40  and  heart  beat  at  a  pressure  of  110  cm.  blood  until 
5.45.  At  times  the  heart  began  to  collapse  and  beat  vnih  great  excursions, 
driving  out  relatively  little  blood.  One  dose  of  digitalin  and  strychnine 
was  given  which  restored  it  to  its  normal  beat.  During  the  latter  part  of 
the  three  hours  there  were  violent  general  convulsions. 

Dog  13.  Weight  6  kg.,  April  2,  1913,  10.30  a.m.  Given  3  c.c.  diphtheria 
toxin  intravenously.  Found  very  sick  at  4  p.m.,  and  at  4.45  the  external 
circulation  was  arranged  after  which  the  heart  beat,  quite  well  until  7.20, 
when  the  supply  of  blood  failed  and  the  ex-periment  was  stopped.  There 
was  some  irregularity'  in  the  action  of  the  heart,  but  on  the  whole  it  beat 
strongly  for  two  hours  and  thirty-five  minutes. 

In  order  to  have  a  good  control  observation  two  dogs  of  the 
same  size  were  given  the  same  dose  at  the  same  time.     It  was 
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intended  to  show  that  with  the  aid  of  the  maintenance  of  arterial 
pressure  one  could  be  kept  alive  long  after  the  other  had  died. 

Dog  14  A.    Weight,  10560;  female. 

Dog  14  B.  Weight',  10900;  male.  Each  given  4  c.c.  diphtheria  to.xin 
intravenously  at  8  a.m.  April  3,  1913,  both  dogs  had  vomited  and  were 
depressed  and  weak.  At  5  p.m.  dog  A  was  found  lying  stretched  out 
stiffly  and  not  breathing.  Heart  beating  feeblj'.  Artificial  respiration 
was  Ijegun.  Carotid  pressure  very  low.  It  was  attempted  to  establish 
the  external  circulation,  but  through  an  accident  the  dog  died.  By  this 
time,  5.35,  dog  B  was  almost  dead  and  lay  inert.  Reflexes  were  gone,  the 
eyes  rolled  about,  and  there  were  convulsive  twitchings.  External  cir- 
culation was  established  at  5.45  and  tracings  of  the  heart  beat  were  taken 
until  8.35,  a  period  of  two  hours  and  thirty  five  minutes,  when  the  heart 
stopped  apparently  only  because  it  finally  became  necessary  to  use  blood 
which  had  been  kept  .several  daj's. 

Dogs  15  A  and  B,  weighing  respectively  11  and  10.3  kg.,  were  given  4  c.c. 
diphtheria  toxin  at  8  a.m.,  April  8,  1913.  At  3.15  both  dogs  were  almost 
dead,  lying  quite  apathetic,  with  complete  loss  of  reflexes  and  occasional 
convulsions.  Dog  A,  whose  blood-pressure  as  taken  from  the  carotid  was 
ver3''  low,  about  60  cm.  of  blood,  was  arranged  with  the  external  circulation 
and  the  outflow  tube  set  at  85  cm.  The  heart  beat  improved  at  once  and 
continued  from  3.30  to  4.40.  In  the  meanwhile  dog  B  died  at  3.20.  The 
character  of  the  pulse  of  Dog  A  as  seen  in  the  tracing  varied  spontaneously, 
being  rapid  and  strong  at  times  and  producing  an  abundant  outflow,  while 
at  other  times  there  was  a  slower  collapsing  beat  which  propelled  relatively 
little  blood  to  the  outflow.  After  one  hour  and  ten  minutes  it  became  dis- 
tended during  a  convulsion,  and  could  not  be  made  to  beat  again.  It 
seemed  that  in  this  case  at  least  the  heart  itself  had  been  injured  by  the 
poison. 

For  comparison  normal  dogs  were  subjected  to  the  same  opera- 
tion as  shown  in  the  following  protocols: 

Dog  2.  Weight,  6.9  kg.  Anesthetized  with  chloretone  April  28,  1911. 
External  circulation  complete  at  3.30  p.m.;  pressure  set  at  130  cm.  blood, 
which  equals  about  100  mm.  mercury.  At  4.45  there  was  much  oozing 
from  cut  tissues  and  heart  became  distended.  Pressure  lowered  to  53  cm. 
and  heart  beat  again.  Some  edema  of  lungs  and  of  other  tissues.  Given 
a  dose  of  digitalin,  after  -nhich  heart  beat  well  until  6.30,  when  the  dog  was 
killed. 

Dog  5.  Weight,  9.9  kg.  Anesthetized  with  ether  ]May  2,  1911.  The 
external  circulation  was  arranged  through  one  intercostal  space  at  3.20, 
and  the  outflow  tube  set  at  130  cm.  of  blood.  The  heart  beat  well  until 
6.20,  when  the  dog  was  killed. 
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The  actual  output  per  minute  of  each  of  these  hearts  cannot 
be  accurately  determined  from  the  curves  produced  by  this  method 
because  much  of  the  blood  circulates  through  the  head  and  fore- 
limbs,  but  since  the  records  were  all  made  in  the  same  way  it  will 
give  some  idea  of  the  character  of  the  heart's  work  after  diphtheria 
poisoning  to  compare  the  output  from  the  artificial  aorta  with  that 
in  the  case  of  the  normal  dogs. 

Dog  7  (diphtheria).    Weight,  10.3  kg.    Outlet  set  at  110  cm. 
Operation  at  2.40. 

At  .3. .30,  100  c.c.  is  delivered  in  twenty-si.x  seconds. 
At  4.00,  100  c.c.  is  delivered  in  twenty-eight  seconds. 
At  4.30,  100  c.c.  is  delivered  in  thirty-two  second.s. 
At  4.35,  100  c.c.  is  delivered  in  thirty  seconds. 
Dog  1  (diphtheria).    Weight,  S.9  kg.    Outlet  at  130  cm. 
Operation  at  11.30. 

At  12.00,  100  c.c.  is  delivered  in  eighteen  seconds. 
At  12.30,  100  c.c.  is  delivered  in  nineteen  seconds. 
At  1.00,  100  c.c.  is  delivered  in  nineteen  seconds. 
At  1.30,  100  c.c.  is  delivered  in  eighteen  seconds. 
Dog  2  (normal).  Weight,  6.9  kg.  Outlet  at  130  cm. 
Operation  at  3.30. 

At  3.50,  100  c.c.  is  delivered  in  twenty-one  seconds. 
At  4.30,  100  c.c.  is  delivered  in  twenty-  and  a  half  seconds. 
At  5.45,  100  c.c.  is  delivered  in  thirty-four  seconds. 
Dog  5  (normal).    Weight,  9.9.    Outlet  at  130  cm. 
Operation  at  3. 

At  3.45,  100  c.c.  is  delivered  in  thirty-five  seconds. 
At  4.30,  100  c.c.  is  delivered  in  twenty-nine  seconds. 
At  5.00,  100  c.c.  is  dehvered  in  thirty  seconds. 
At  5.30,  100  c.c.  is  delivered  in  twenty-nine  seconds. 
From  these  it  will  be  seen  that  the  actual  work  of  the  diphtheria  hearts 
is  at  least  as  good  as  that  of  the  normal  hearts. 

It  is  probable  that  if  the  conditions  were  ab.s()lutely  perfect  and 
the  exposure,  use  of  defibrinated  blood,  etc.,  avoidable,  it  would 
be  possible  to  keep  a  normal  heart  driving  the  external  circulation 
for  a  longer  time  than  three  hours.  It  is  probable,  too,  that  even 
under  the  present  circumstances  a  normal  heart  treated  in  the  way 
the  hearts  of  the  poisoned  animals  were  treated  would  beat  a  little 
longer  and  a  little  more  steadilv  than  thev.    But  the  difference  is 
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so  slight  that,  while  it  seems  probable  from  such  spontaneous  irregu- 
larities as  occurred  in  the  case  of  dog  15  A  that  the  heart  itself 
is  injured  by  a  large  dose  of  toxin,  it  is  clear  enough  that  it  is  still 
able  to  carry  on  the  circulation  for  two  or  three  hours  against  a 
high  pressure — a  thing  which  is  vastly  different  from  mere  beating 
in  a  perfusion  apparatus. 

It  might  be  objected  that  the  use  of  fresh  blood  would  restore 
the  heart  by  washing  away  the  toxin,  but  in  all  these  experiments 
the  blood  of  the  animal  itself  was  returned  to  the  circulation  and 
is  merely  diluted.  At  any  rate,  Decroly  and  Ronnse  showed  that 
diphtheria  toxin  injected  into  the  blood  stream  disappears  com- 
pletely after  four  to  seven  minutes,  so  that  the  injury  is  probably 
determined  in  some  early  part  of  the  latent  period.  Roily  in  his 
experiments  found  that  washing  out  an  isolated  heart  with  fresh 
blood  had  no  effect  in  postponing  the  death  of  the  heart,  and  appar- 
ently this  is  true.  But  while  Roily  was  unable  to  revive  a  poisoned 
heart  it  proves  to  be  not  impossible,  as  the  following  protocols  show: 

Dog  16.  May  13,  1911.  Isolated  heart  from  normal  dog  perfused  with 
Ringer's  solution  beat  for  two  and  a  half  hours  at  a  rate  of  about  103. 
Ten  drops  of  diphtheria  to.xin  injected  into  the  circulating  fluid  caused  an 
irmnediate  increase  in  rate  to  200,  after  which  the  heart  continued  to  beat 
for  two  hours  longer  at  a  rate  of  about  150. 

Dog  17.  May  24,  1911.  Isolated  heart  from  normal  dog  perfused  and 
beating  for  one  hour  at  a  rate  of  9S.  At  12.25,  1  c.c.  of  diphtheria  toxin 
was  added  to  perfusion  fluid.  This  was  followed  by  a  marked  stimulation 
of  force  and  rate  which  rose  to  112.  The  heart  continued  to  beat  until 
3.30,  when,  after  a  period  of  dissociation  of  auricular  and  ventricular  beats, 
it  stopped. 

Dog  18.  May  25,  1911.  AVeight,  5.7  kg.  Given  1  c.c.  toxin  intra- 
venously at  11.10  a.m.  At  6  P.M.  carotid  pressure  low.  At  10.30  dog  was 
extremely  ill  and  died  at  10.55.  Heart  found  to  have  stopped  beating. 
It  was  removed  from  the  body  and  perfused  with  Ringer's  solution,. upon 
which  it  began  to  beat  at  11.10  and  continued  to  beat  well  for  one  hour 
and  ten  minutes. 

Dog  19.  May  25,  1911.  Weight,  5.9  kg.  Given  1  c.c.  diphtheria  toxin 
at  11.30  a.m.  At  5.45  p.m.  dog  was  killed  with  ether  and  heart  excised 
and  perfused  with  Ringer's  solution.  From  6.45  to  10.55  it  beat  strongly 
and  regularly  at  a  rate  of  about  90  to  110. 

Dog  20.  May  25,  1911.  Weight,  6.8  kg.  Given  1  c.c.  diphtheria  toxin 
at  11.45  P.M.    At  1  P.M.  next  day  dog  was  nearly  dead.    Killed  at  1.35  and 
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heart  perfused.  The  rate  was  somewhat  irregular,  varying  from  44  up  to 
110,  but  for  the  greater  part  of  the  next  two  hours  it  beat  strongly  at 
about  62,  stopping  at  4.50  p.m. 

Dog  21.  :\Iay  28,  1911.  Weight,  7.8  kg.  Given  2  c.c.  of  diphtheria 
toxin  intravenously  at  9.45  p.m.  At  11  a.m.  next  morning  the  dog  was 
found  dead,  although  alive  and  apparently  fairly  well  a  few  minutes  before. 
Heart  excised  but  could  not  be  started  in  perfusion  apparatus  until  11.50. 
At  first  there  was  fibrillation,  but  this  was  stopped  by  injection  of  potassium 
chloride,  after  which  it  beat  somewhat  irregularly  until  2.15  p.m.,  a  period 
of  two  hours  and  twenty-five  minutes. 

Dog  22.  May  30,  1911.  Weight,  8.7  kg.  Given  2  c.c.  diphtheria  toxin 
at  11  P.M.  Next  day  at  noon  dog  died;  splanchnic  vessels  much  dilated. 
Heart  perfused  at  12.15  and  beat  fairly  well  for  three  hours  and  fortj- 
minutes,  becoming  edematous  at  last.  For  most  of  the  time  the  rate  was 
96  to  100,  but  several  times  a  spontaneous  heart-block  occurred,  with  a 
1:2  rhythm,  which  each  time  suddenly  changed  back  to  the  1:1  rhythm. 

Dog  23.  May  30,  1911.  Weight,  8.2  kg.  Given  1.5  c.c.  diphtheria 
toxin  at  11  p.m.  Next  day  at  3.15  p.m.  dog  was  evidently  dying.  Was 
killed  with  ether  and  heart  excised  and  perfused.  Perfusion  began  at  4  p.m., 
and  heart  beat  with  varjdng  rate  until  7.20,  a  period  of  three  hours  and 
twenty  minutes. 

Dog  24.  June  1,  1911.  Weight,  7  kg.  Given  2  c.c.  diphtheria  toxin 
at  michiight.  At  1 1  a.m.  next  day  dog  was  in  extremis.  Carotid  pressure 
very  low.  Etherized,  heart  excised  and  perfused.  It  beat  slowly  from 
11.20  to  2.25,  about  three  hours,  at  a  rate  of  about  52. 

Dog  25.  June  2,  1911.  Weight,  7.2  kg.  Given  2  c.c.  diphtheria  toxin 
at  midnight.  At  1.15  next  daj'  dog  was  very  sick.  Alcohol  by  stomach  tube 
had  no  effect  upon  blood-pressure,  which  sank  until  the  dog's  death  at 
2  p.m.  At  2.10  heart  was  perfused  and  beat  normally  at  a  rate  of  about 
94  for  thi'ee  hours  and  thirty  minutes,  stopping  at  5.40. 

Dog  26.  June  3,  1911.  Weight,  8.9  kg.  Given  2  c.c.  diphtheria  toxin 
at  11.15  P.M.  Next  morning  at  9.30  dog  was  found  dead,  but  not  cold. 
Rigor  beginning.  At  9.45  the  excised  heart  was  perfused  and  beat  until 
10.40,  at  the  rate  of  about  100,  rather  feebly  and  irregularly. 

In  all  these  hearts  the  beat  is  rather  feeble  as  compared  with 
that  of  the  perfused  normal'  heart,  and  fibrillation  seemed  very 
likely  to  occur.  The  note  reads:  "There  is  no  comparison  between 
the  perfused  normal  heart  and  the  diphtheria  hearts  all  of  which  are 
feeble  and  apt  to  go  into  fibrillation."  Nevertheless,  although  one 
may  receive  the  impression  that  the  hearts  from  the  poisoned 
animals  are  rather  M'eak  and  apt  to  be  irregular,  it  is  clear  that 
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they  continue  to  beat  for  several  hours  after  they  have  shown  every 
sign  of  failure  in  the  body  of  the  dying  animal,  if  only  the  pressure 
of  nutritive  fluid  be  maintained  in  the  coronary  arteries.  Indeed,  the 
animal  may  be  allowed  to  die  and  an  hour  after  its  death  the  heart 
can  be  revived  and  will  beat  for  a  long  time.  All  of  tliis  seems  to 
show  fairly  well  that  the  death  which  occurs  in  the  height  of  an 
attack  of  diphtheria  is  not  exclusively  the  result  of  direct  injury  to 
the  heart,  although  that  may  play  some  part  in  the  process. 
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SECTION  III 

GENERAL   PATHOLOGY  AND 
PATHOLOGICAL  ANATOMY 

IXDEPEXDEXT  PAPER 
EXPERIMENTAL  STUDIES  IN  TETANY 

Bv  W.  G.  MacCALLUM,  M.D.,  Columbia  University,  New  York 

The  question  of  the  intimate  nature  of  the  convulsive  symptoms 
which  follow  upon  the  extirpation  of  the  parathyroid  glands  has  long 
offered  a  field  for  study,  but  we  seem  to  be  very  Uttle  nearer  its  solution 
than  we  were  at  the  beginning.  The  matter  is  of  especial  interest  since 
it  seems  to  be  one  of  the  simplest  examples  of  the  way  in  which  the 
organs  of  internal  secretion  act.  Nevertheless,  unexpected  complexities 
appear  and  we  are  still  far  from  its  complete  elucidation. 

In  a  paper  ^  before  the  German  Pathological  Society  last  year  I  was 
able  to  show  that  on  the  destruction  of  the  parathyroid  glands  there 
arose  a  change  in  the  character  of  the  blood,  such  that,  when  it  was 
brought  into  contact  with  the  nerves  of  a  normal  animal,  it  would  produce 
in  them  electrical  hyperexcitability,  so  characteristic  of  tetany.  This 
was  proven  back  and  forward  by  a  great  variety  of  experiments  and 
controls.  Animals  with  tetany  were  made  to  pour  their  blood  through 
the  leg  of  a  normal  animal  or  vice  versa,  and  then  in  each  case  they  were 
separated  and  the  continuity  of  the  femoral  vessels,  &c.,  established  so 
that  the  leg  was  again  supplied  with  the  animal's  own  blood.  Control 
anastomoses  were  made  between  normal  animals,  and  finally  the  blood 
of  both  normal  animals  and  animals  in  tetany  was  defibrinated  and 
used  alternately  to  perfuse  the  vessels  of  an  isolated  leg.  In  every 
instance  when  the  ner\-es  were  bathed  with  tetany  blood  they  became 
hyperexcitable,  only  to  return  again  to  their  normal  excitability  when 
normal  blood  was  again  passed  through  the  vessels. 

Thus,  having  estabUshed  the  fact  that  the  blood  itself  is  changed 
in  this  peculiar  way  when  the  parathj-roids  are  lost,  and  that  it  is  un- 
doubtedly responsible  for  the  striking  symptoms  of  tetany,  it  remained 
to  attempt  to  discover  the  nature  of  this  change.  We  have  not  been 
successful  in  this  quest,  but  it  is  the  object  of  this  paper  to  bring  forward 
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in  outline  tlie  evidence  whicii  lias  been  gained  during  the  past  winter, 
and  which  will  be  published  in  detail  elsewhere. 

We  have  long  held  the  idea  that  a  disturbance  of  the  calcium  meta- 
bolism, such  that  the  blood  and  tissues  are  impoverished  with  respect  to 
calcium,  may  form  the  basis  of  these  symptoms,  and  this  (a)  is  one  possi- 
bility in  our  working  hypothesis.  The  others  are  (b)  that  there  may 
be  a  poison  resembling  an  oxalate  circulating  with  the  blood  and  rendering 
inactive  the  calcium  present  there,  and  (c)  that  there  may  be  a  poison 
resembling  some  such  substance  as  strychnia  and  causing  directly  a 
hyperexcitability  of  the  nerves. 

We  have  been  able  to  approach  these  possibilities  mainly  by  indirect 
methods  as  follows  :  If  the  nerves  are  hyperexcitable  because  of  a  poverty 
of  calcium  in  the  blood,  the  addition  of  parathyroid  extract  ought  not  to 
improve  the  condition  since  it  brings  practically  no  calcium.  If  this 
poverty  of  calcium  is  produced  by  an  oxalate-like  poison,  the  extract 
of  parathyroid  might  annul  that  poison  and  allow  the  normal  calcium 
content  to  reappear  in  time.  If  there  is,  on  the  other  hand,  a  specific 
poison  causing  the  hyperexcitability  of  the  nerves,  the  parathyroid 
extract  should  counteract  or  neutralize  it  completely  and  restore  the 
animal  to  normal. 

The  actual  results  are  as  follows  :  The  addition  of  parathj'roid 
extract  to  the  tetany  blood  used  in  perfusing  a  normal  leg  has  practically 
no  effect,  even  in  large  doses,  in  lowering  the  excitability  of  the  nerves. 
This  is  compatible  with  the  idea  that  the  blood  is  poor  in  calcium,  but 
not  with  the  third  possibility  that  the  blood  contains  a  special  poison. 
In  the  case  of  an  oxalate-like  substance  there  might  not  be  a  sufficient 
source  for  calcium  in  an  isolated  leg,  so  that  even  if  the  extract  could 
neutralize  that  poison  the  result  would  remain  obscure. 

Parathyroid  extract  injected  in  large  doses  into  the  veins  of  animals 
in  tetany  will  keep  them  alive  longer  than  untreated  animals  and  miti- 
gates or  stops  the  tetany,  but  the  excitability  of  the  peripheral  nerves 
remains  unchanged.  In  this  respect  it'  seems  to  act  almost  like  an 
anaesthetic  such  as  ether,  which,  affecting  the  ganglion  cells  far  more 
than  the  peripheral  nerves,  will  stop  tetany  instantly,  while  lea^'ing  the 
peripheral  nerves  hyperexcitable. 

The  fact  that  bleeding  an  animal  in  tetany  and  replacing  the  blood 
by  an  indifferent  fluid  will  stop  tetany,  a  fact  cherished  as  evidence  that 
a  definite  poison  must  be  circulating  in  the  blood,  really  demands  another 
explanation.  This  procedure  lowers  greatly  the  excitability  of  the 
nerves  and  does  so  also  in  normal  animals.  It  seems  clear,  then,  that 
it  acts  not  by  merely  removing  a  circulating  poison,  but  by  so  disturbing 
the  nutrition  of  the  nerves  that  their  irritability,  which  is  most  sensitive 
to  any  change  in  the  blood,  is  lowered  just  as  it  would  be  by  complete 
anaemia  or  any  other  injury.  Were  it  not  for  the  wonderful  power  of 
the  body  to  restore  the  blood  quickly  to  its  normal  state,  the  effect  upon 
the  nerves  might  be  even  more  profound  and  lasting.     The  injection 
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of  sodium  oxalate  into  the  blood  will,  under  certain  circumstances, 
produce  a  hyperexcitability  like  that  seen  in  tetany.  When  it  is  added 
to  the  blood  used  for  perfusion  it  does  this,  but  unless  it  is  used  in  ex- 
tremely small  quantities  it  ends  by  killing  the  nerve.  Injected  into  the 
veins  of  a  normal  animal  it  will  produce  the  same  effect,  but  only  when 
it  is  introduced  very  slowly  at  intervals  over  a  long  time.  Otherwise  it 
may  kill  the  animal  without  having  changed  the  excitability  of  the  nerves. 
This  is  probably  because  it  takes  time  to  gradually  exhaust  the  calcium 
which  can  be  furnished  by  the  tissues,  and  perhaps  the  same  thing  holds 
good  of  the  latent  period  w^hich  follows  the  destruction  of  the  para- 
thyroids before  tetany  appears. 

Direct  analysis  of  the  blood,  which  was  carried  out  for  me  by 
Dr.  Karl  \  ogel,  shows,  as  Voegtlin  and  I  ^  stated  in  an  earlier  paper,  that 
its  calcium  content  is  greatly  reduced  in  tetany.  The  administration 
of  parathyroid  extract  does  not  affect  this,  for  in  the  blood  of  animals  kept 
alive  by  parathyroid  extract  for  se\-eral  days  the  amount  of  calcium 
was  the  same  as  that  of  dogs  which  had  died  in  tetany  without  such 
treatment.  This  seems  to  support  the  idea  that  there  is  a  direct  loss 
of  calcium,  but  is  rather  opposed  to  the  possibility  that  a  poison  of  the 
character  of  an  oxalate  is  present,  for  in  that  case  the  calcium  should  be 
still  recognizable,  and  its  inactivation  should  be  stopped  by  the  para- 
thyroid extract. 

If  a  little  parathyroid  tissue  be  left  behind,  so  that  tetany  fails  to 
appear,  the  calcium  content  of  the  blood  is  that  of  a  normal  animal. 
Taking  all  these  facts  into  consideration,  it  seems  that,  although  we  have 
ourselves  tried  to  shake  our  original  theory  that  tetany  is  dependent 
upon  a  disturbance  of  the  calcium  content  of  the  blood  and  tissues, 
the  evidence  at  the  moment  is  rather  favourable  to  that  view.  Still, 
rather  than  express  any  decided  conclusion  on  such  evidence,  we  shall 
continue  to  search  for  more. 

'  Journ.  Exp.  Med.,  1909,  xi.  118. 
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Vassale  e  Friedman,  Bollet.  della  soc.  Med.  Chir.  di  Modena.    1898;   Arch    Ital. 

de  Biol.  30.   1898.  S.  49. 
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Ott,  Paratyhroid  glandules,  Philadelphia  1910. 

Calcium  bei  der  Tetanie. 

Aschenheim,  Monatsschr.  f.  Kinderheilk.  9.  1910.  S.  366. 
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Finkelstein,    Fortschritte    d.   Med.    20.    1902;"  Lehrb.   d.   Sauglingskrankheiten. 
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Iselin,  Deutsche  Zeitschr.  f.  Chir.  93.  1908.  S.  494. 
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d.  XXVI.  Kongr.  f.  inn.  Med.   1909;  Zentralbl.  f.  Stoffweohselkrankh.   1910.  S.  3. 
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Symptomatologie  und  Erscheinungsforinen  der  Tetanie. 
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GroB,  Miinchner  med.  Wochensehr.  53.  1906.  S.  1616. 
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Hodlmoser,  Wiener  klin.  Wochensehr.  13.  1900.  S.  644. 
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Meinert,  Ebenda.  55.  Heft  2. 

Thaler  und  Adler,  Wiener  klin.  Wochensehr.   1906.  S.  779. 

Thomas,  Johns  Hopkins  Hosp.  Bull.  Mai  1895. 
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Riv.   Sperim.  di  Freniatria.   27.  1901;  Miinchner   med.   Wochensehr.    53.    1906. 

S.  1641  u.  237.3. 
Zanfrognini,  Boll.  d.  r.  Accad.  med.  di  Geneva.   1905. 
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Auerbach,  Jahrb.  f.  Kinderheilk.  73.   1911.  Neue  Folge.   Erganzungsheft.  S.  193; 

Inaug.-Diss.  Berlin  1910. 
BliB,  Zeitschr.  f.  Kinderheilk.  2.   1911.  S.  538. 
Erdheim,  Zeitschr.  f.  Heilk.  25.  1904;  Path.  anat.  Abt. 
Eckert,  Deut-sche  med.  Wochensehr.   1910.  Nr.  27. 
Escherich,  Wiener   klin.    Wochensehr.    1890;    Ebenda.    1906.   S.  1437;   Munchner 

med.  Wochensehr.  1907.  Nr.  42;  Tetanie  der  Kinder.  1909. 
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1910.  S.  2691. 
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Thiemich,  Jahrb.  f.  Kinderlieilk.  51.   1900;   Rev.  d'Hyg.  et  de  Med.  infantiles.  2. 
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Bouveret  et  Devic,  Compt.  rend.  Soc.  biol.  a  Paris  3.   1891,  9.  S.  823;   Rev.  de 
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Leighton  1908,  Rudinger  1909,  Sehirmer  1907,  v.  Verebely  1910, 
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ratur  iiber  den  Gegenstand  hinreichend  zuganglich  ist. 
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Und  doch  sind  einige  Punkte.  die  zu  dem  wichtigen  Thenia  in 
Beziehung  stehen.  noch  niclit  kritinch  erwogen  worden;  audi  sind  wir 
seit  der  Arbeit  von  Rudinger  in  dieser  Zeitschrift  merklich  welter 
gekommen. 

Aiiatoiiiie. 

Neuere  Autoren  haben  zur  Kenntnis  der  embryonalen  Entwickelung 
der  Nebensehilddriisen  im  ganzen  nur  wenig  beigetragen:  sie  haben 
lediglich  darauf  aufnierksam  gemacht,  dali  akzessorieches  Parathyreoid- 
gewebe  ein  haufiges  Vorkommnis  ist,  worauf  in  vielen  Fallen,  so  bei 
den  vergeblichen  Versuchen.  durch  Exstirpation  der  Hauptdriisen  eine 
experimentelle  Tetanie  zu  erzeugea,  geachtet  werden  mul3.  Das  betonte 
vor  allem  Erdheim  in  seinen  Studien  iiber  die  Tetanie  bei  der  Ratte, 
einem  Tier,  dessen  Thymus  zahlreiche  Parathyreoidgewebsinsehi  enthalt. 
Hanson  zeigte,  dal3  diese  Insein  beim  Kaninchen  entlang  des  cervicalen 
Teils  der  Thymus  aus  der  Parathyreoidanlage  der  dritten  Kiementasche 
entstehen,  wahrend  aus  der  der  vierten  Tasche  keinerlei  seiche  Bildungen 
hervorgelien.  Pep  ere  fand  ebenfalls  eine  weitliiufigere  VerteUung  von 
akzessorischen  Parathyreoidkorperchen  in  der  Thymus,  die  ihren  Ur- 
sprung  aus  der  dritten  Kiementasche  nehmen  und  die  unter  Um- 
standen  die  Unklarheiten  in  dem  Ausfall  des  Exjieriments,  sowie  die 
Herkunft  von  Cysten   und  Tumoren  in  der  Thymus    erklaren    konnten. 

Solche  akzessorischen  Massen  finden  sich  beim  Kaninchen.  der 
Ratte,  dem  Menschen  und  persistieren  unabhiingig  von  der  Riickbildung 
der  Thymus,  als  Zellstriinge  oder  Zellinsehi.  an  der  dorsalen  Obertlache 
dieser  Driise,  und  z\\ar  in  ihrer  Kapsel  oder  in  Form  von  epithelialen 
Kaniilen  zwischen  den  Lappehen.  Miehaud  und  Getzowa  fanden 
vereinzelt  Parathj'reoidgewebe  tief  eingebettet  in  der  Thyreoidea.  vveit 
entfernt  von  den  Hauptdriisen. 

Andere  Schriften,  vor  allem  aus  der  Feder  von  Chirurgen.  be- 
schaftigen  sich  mit  der  genauen  Lage  der  Driisen,  iln-en  Beziehungen 
zu  den  BlutgefiiBen  der  Thyreoidea,  zu  ihren  Nerven  und  zu  anderen 
topograpliischen  Orientierungspunkten,  die  ihre  Auffindung  und  Schonung 
wahrend  Operationen  an  der  Thyreoidea  ermoglichen.  So  die  Arbeiten 
von  Berard  und  Alamartine,  Delorme  und  Alamartine,  Ginsborg 
und  anderen.  Jedoch  fijgen  sie  wenig  zu  den  alteren  Darstellungen 
von  Chantemesse  und  Marie,  Civalleri,  Mac  Galium,  Kursteiner, 
Halsted  und  anderen  hinzu.  Bei  liiugeren  Reihen  von  einfachen 
Praparationen  findet  man  offenbar  niclit  in  jedem  Falle  vier  Driisen;  aller- 
dings  mag  die  Schwierigkeit,  sie  zu  erkennen,  und  die  UnregelmaBigkeit 
ihrer  Lagerung  dabei  in  Betracht  zu  ziehen  .'ein.  In  einer  genaueren 
Zeichmnig,  die  durch  Halsted  nach  Mac  Gallums  Priiparationen  ent- 
worfen  wurde,  kommt  zur  Darstellung,  daB  jeder  Punkt  entlang  der 
Hinterfliiche  der  Thyreoidea  von  einer  oder  der  anderen  Driise  ein- 
genommen  werden  kann,  wahrend  sie  anderer.seits  manchmal  in  dem 
losen  Gewebe  des  Halses  unterhalb  der  Thyreoidea  und  weit  von  ihr 
entfernt  Uegen  konnen.    Auch  mehr  als  vier  Driisen   sind  fiir  den  Men- 
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srhen  ermittelt  wordeii  (Mac  Galium.  Erdheim);  beim  Hund  fiinf, 
scchs  oder  iioch  mehr  zu  finden,   ist  keineswegs  etwas  Ungewohnliches. 

Vom  chirurgischen  Standpunkte  aus  hochst  wichtig  ist  die  Kenntnis 
dor  Anatomie  der  Blutversorgung.  Halsted  und  Evans  stellten  mittels 
Injektionen  den  Ursprung  einer  eigenen  ParathjTeoidarterie  fest,  die 
gewolmlich  aus  der  Arteria  thyreoidea  inferior  oder  ihren  Anastomosen 
mit  der  Arteria  thyreoidea  superior  entspringt  und  in  die  Driise  an 
ihrem  Hilus  eindringt.  so  daB  die  Parathyreoideae  keine  direkte  Ver- 
bindung  zu  den  GefaBen  des  Bindegewebes  haben,  in  dem  die  Thyreoidea 
eingebettet  liegt.  und  nicht  von  ihnen  abhangen.  Seither  hat  Evans 
im  einzelnen  die  GefiiBversorgung  der  Driisen  untersueht  und  gefunden, 
daB  die  Arterie  zentral  zu  Hegen  konimt.  vvahrend  der  venose  AbfluB 
in  oberflaclilich  gelegenen,  stark  hervortretenden  GefaBen  statthat. 

Praktisdi  haben  sich  unsere  Kenntnisse  iiber  den  liistologischen 
Bau  dieser  Driisen  seit  der  Darstellung  Rudingers  nicht  geandert;  nur 
in  der  Kenntnis  der  sekretorischen  Prozesse  in  den  Zellen  ist  durch 
Engel  und  die  Beobaclitungen  von  Haberfeld  und  Schilder  beziiglich 
der  Hypertrophie  der  Driisen  ein  Fortschritt  zu  verzeichnen.  Engel 
vermochte  mit  Hilfe  der  Methoden  von  Galeotti  und  Altmann  drei 
Typen  von  Zellen  zu  unterseheiden :  GroBe,  helle.  bliischenartige, 
kaum  gefiirbte  Zellen  und  kleine  stark  fiirbbare  Zellen,  Tj'pen,  die 
freilich  nicht  allzu  scharf  zu  trennen  sind.  Nacli  der  Methode  von 
Galeotti  zeigen  gewisse  Zellen.  offenbar  die,  welche  man  gewohnlich 
ai.'!  acidophile  mit  kleinem  dunkel  gefiirbtem  Kern  erkennt,  gleichmiiBig 
runde.  helleuchtende,  fuchsinophile  Granula,  die  als  Sekretkorner  an- 
gesehen  werden;  aber  da  dort  kein  Sekretgang  besteht,  so  haben  sie 
keine  bestimmte  Anordnung;  die  Wahrscheinlichkeit.  daB  es  Sekretions- 
produkte  sind,  ist  durchaus  nicht  bestimmt,  denn  die  Zellen  bildeu 
selten  Blaschen.  Die  groBen  Zellen  der  ersten  Gruppe  haben  ein  re- 
tikulares  Protoplasma  mit  gelegentlichen  \:akuolen.  Sie  enthalten  einige 
griinlichgraue  Granula,  die  in  ihren  Farbenreaktionen  stark  variieren. 
und  sehr  groB.  selbst  bis  zu  4  /<,  sein  konnen.  Rote  Granula  treten 
bisweilen  auch  auf.  AuBer  den  fuchsinophilen  und  basophilen  Granula 
finden  sich  Fettkugeln,  die  von  Erdheim  und  anderen  beschrieben 
worden  sind.  Alle  diese  Gebilde  existieren  wahrend  des  Lebens  und 
sind  AuBerungen  einer  funktionellen  Tatigkeit. 

Pep  ere  machte  ahnliche  Studien  an  verschiedenen  Tieren  und 
betrachtete  die  chromophilen  Zellen  als  die  mehr  aktiv  funktionierenden, 
da  er  sie  stark  entwickelt  fand  in  einzelnen  zuriickgelassenen  Neben- 
schilddriisen,  die  18  Monate  nach  der  Zerstorung  der  anderen  noch 
bestehen  blieben.  Eben.so  zeigen  sie  eine  starkere  Entwicklung  wahrend 
der  Schwangerschaft.  In  dem  Gewebe  der  akzessorischen  Parathyreoid- 
inseln  anderer  Organe  findet  er  konstant  Fett  und  Glykogen,  ohne 
jedoch  eisenhaltige  Granula  in  den  Zellen  nachweisen  zu  konnen. 

Im  Zusammenhang  dieser  Beschreibinig  ist  noch  zu  erwahnen,  daB 
zahlreiche  Beobachter  in  den  Xebenschilddriisen  die  Bildung  alveolarer 
Riiume    mit  epithelialer  Auskleidung    und  Kolloidinhalt  gesehen  haben. 
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In  der  Tat  sind  diese  keineswegs  selten,  obwohl  sie  nicht  oft  ein  ge- 
rade  hervorstechendes  Merkmal  bilden.  A  priori  wird  man  annehmen, 
daB  die  Kolloidsubstanz  chemisch  verschieden  ist  von  derjenigen.  die 
sich  in  der  Thvreoidea  oder  anderswo  findet,  jedoch  wissen  wir  iiber 
ihre  Zusammensetzung  nichts  Naheres. 

Haberfeld  und  Schilder  betonen  das  Vorkommen  von  akzessori- 
schem  Paratliyreoidgewebe  in  der  Thymus  von  Kaninchen  imd  finden, 
daB  eine  hochgradige  kompensatorische  Hypertrophic  Platz  greift.  wenn 
die  Hauptdriisen  entfernt  werden.  Dieser  ProzeB.  der  fiir  die  Thyreoidea 
so  einleuehtend  ist,  wurde  fiir  die  Parathyreoideae  nicht  immer  so  ohne 
weiteres  angenommen.  Tatsiichlich  haben  ihn  manche  Autoren  in  Frage 
gestellt,  wahrend  andere,  die  wohl  akzessorisches  ThjTeoidgewebe  be- 
obachteten.  sich  zu  der  Behauptung  bestimmen  lieBen.  daB  die  Para- 
thyreoideae, die  nach  der  Exstirpation  der  Thyreoidea  zuriickbleiben, 
thyreoides  Gewebe  produzierten.  Diese  Ansicht  ist  durchaus  nicht  mehr 
liinger  haltbar. 

Physiologie. 

Die  zahlreichen  Arbeiten,  die  im  letzten  Dezennium  iiber  die 
Physiologie  der  Parath\Teoiddriisen  erschienen  sind.  haben  doch  nur 
weniges  zur  tatsachUchen  Erkenntnis  beigetragen.  Sie  beschranken 
sich  auf  das  Studium  der  Rolle,  die  diese  Driisen  in  dem  Gesamtstoff- 
wechsel  des  Korjiers  und  speziell  im  Kalkstoffwechsel  spielen.  und  auf 
die  unbestimmte  Erkenntnis  von  den  Korrelationen  der  verschiedenen 
Organe  mit  innerer  Sekretion.  an  denen  jene  mitbeteiligt  sind.  Uber 
ihre  anatomische  und  funktionelle  Selbstiindigkeit  und  die  Abhangigkeit 
der  experimentellen  Tetanie  von  ihrer  Zerstorung  braucht  seit  den 
grundlegenden  Arbeiten  von  Vassale  und  Generali  der  Beweis  nicht 
mehr  gefiihrt  zu  werden;  von  ihnen  sind  diese  Punkte,  jetzt  Gegenstand 
allgemeiner  Uljereinstimniung,  definitiv  festgelegt  worden.  Bei  der  Bespre- 
chung  der  ganzen  Frage  von  der  Insuffizienz  der  Schilddriisen  und  Neben- 
schilddriisen  hob  Jeandelize  im  Jahre  1900  die  Unabhiingigkeit  beider 
Driisen  voneinander  hervor  und  betonte  die  Bedeutung  der  Neben- 
schilddriisen  fiir  die  Tetanie.  so  wie  wir  sie  heutzutage  im  groBen  ganzen 
anerkennen.  Die  meisten  neueren  Arbeiten,  die  sich  mit  diesem  Gegen- 
stande  beschaftigen,  sind  soniit  zum  groBeren  Teil  nur  Wiederholungen 
dieses  iilteren  Werkes.  obgleich  leider  nur  zu  oft  die  Resultate  ihnen 
zugute  geschrieben  werden.  Das  mag  wohl  daher  kommen,  daB  die 
italienischen  und  franzosischen  Publikationen  verhaltnismaBig  unzugiinglich 
sind.  Das  Fazit  jedenfalls  aus  all  den  Arbeiten  ist  die  klare  Erkennt- 
nis, daB  der  Symptomenkomplex  der  Tetanie  die  unmittelbare  Folge 
der  Destruktion  der  Nebenschilddi'ii.sen  i.st. 

Da  es  sich  nun  aber  gezeigt  hat,  daB  ein  recht  kleiner  Teil  von 
Nebenschilddriisengewebe  imstande  ist,  ihr  Auftreten  zu  verhiiten,  so 
ist  es  wahrscheinhch,  daB  diejenigen  Falle,  bei  denen  die  experimentelle 
Exstirjjation  aller  sichtbaren  Nebenschilddriisen  nicht  zur  Tetanie  ge- 
fiihrt hat,  so  aufzufassen  sind,   daB    die    in  der  Thymus   so  hiiufig  vor- 
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komnienden  akzessorisehen  Driisen  gerade  bei  diesen  operierten  In- 
dividuen  vorhanden  und  imstande  waren.  die  Funktion  des  Organs  zu 
erfiillen.  Das  scheint  die  plausibelste  Erkliirung  zu  sein  fiir  die  Scliwierig- 
keit.  eine  experimentelle  Tetanie  z.  B.  beini  Schaf  zu  erzeugen  (Cadeac, 
Guinard,Laiiz.  Simpson,  Mac  Galium),  da  in  den  Fallen,  in  denen 
die  Exstirpation  eine  voUstandigere  ist,  typische  Tetanie  auftritt. 

Ob  der  niimliehe  Symptomenkomplex  der  Tetanie  audi  bei  Gegen- 
wart  von  aktiv  funktionierenden  Nebenschilddriisen  hervorgerufen  werden 
kann,  ist  unsicher,  docli  angesichts  der  anatomischen  Befunde  in  manchen 
Fallen  von  gastrischer  Tetanie,  Arbeitertetanie  und  sogar  infantiler 
Tetanie  offenbar  nicht  unwahrscheinlich,  da  in  diesen  Fiillen  die  Neben- 
schilddriisen vollkommen  normal  befunden  werden.  AuBere  Umstande 
scheinen  die  Tetanie  haufig  auszulosen.  Massaglia  konstatiert,  dafi 
auBerste  Muskelanstrengung  einen  Anfall  bei  Tieren  auslosen  kann,  die 
nur  partiell  parathyreoidektomiert  waren,  und  schlieBt  daraus,  daB  die 
Nebenschilddriisen  gewohnlich  toxische  Substanzen,  die  beim  StofF- 
wechsel  des  Muskels  gebildet  werden,  neutralisieren.  In  ahnlicher  Weise 
findet  Boldyreff,  daB.  wenn  man  ein  Tier  in  einer  Temperatur  von 
38 — 40"  C  halt,  sehr  leicht  Tetanie  auslosbar  wird,  wahrend  die  Eigen- 
warme  des  Tieres  um  3 — 4°  C  steigt.  Wird  es  in  einen  kalten  Raum 
gebracht,  so  verschwinden  die  Symptome  und  die  Temperatur  sinkt. 
Daraus  folgert  er.  daB  die  Warmeregulation  eine  schwere  Storung  er- 
leide.  Es  ist  allerdings  wahr,  daB  die  Korpertemperatur  im  Verlaui  eines 
heftigen  tetanischen  Anfalles  steigt,  aber  sie  sinkt  wieder  mit  dem  Nacli- 
lassen  der  Muskelkrampfe;  demnach  scheint  der  Warmeregulationsmecha- 
nismus  nicht  mehr  gestort  zu  sein,  als  bei  einem  Schnellaufer,  dessen  Tem- 
peratur voriibergehend  infolge  seiner  heftigen  Anstrengung  audi  ansteigfc, 
da  in  deren  Verlauf  die  Warmebildung  so  intensiv  sein  kann.  daB  der 
Mechanismus  der  Warmeabgabe  dem  nicht  die  Wage  halten  kann. 

Die  neuen  Forschungen  auf  dem.  Gebiete  der  Korrelationen 
der  Organe  mit  innerer  Sekretion  haben  seiche  komplizierten 
Verhaltnisse  enthiillt,  daB  es  unklug  ware,  irgendwelche  endgiiltigen 
Schliisse  mit  Beziehung  auf  die  Funktion  eines  einzigen  dieser  Organe 
zu  Ziehen,  ohne  den  EinfluB  der  anderen  mitzuberiicksichtigen.  Nichts- 
destoweniger  ist  es  notwendig.  um  eine  Vorstellung  von  der  Rolle 
.soldier  Organe  wie  der  Neben.schilddriisen  zu  erhalten,  erst  deren 
Tatigkeit  allein  zu  beobachten,  und  uns  dabei  zu  vergegenwartigen, 
daB  wir  die  Ergebnisse  dieser  Studien  wahrscheinlich  zu  modifizieren 
haben  werden,  sobald  wir  dazu  iibergehen,  ihre  Beziehungen  zu  den 
anderen  Organen  zu  betrachten.  Anstatt  daher  zuerst  das  weit  um- 
fangreichere  Phiinomen  zu  studieren.  wie  es  durcli  die  zienilich  planlose 
Zerstoruug  zweier  oder  mehrerer  Organe  hervorgerufen  wird,  was  oft 
genug  geschehen  ist,  sollten  wir  lernen,  was  ein  Organ  allein  leisten 
kann.  Es  mag  sein,  daB  manches,  was  gerade  iiber  diese  Driise  ge- 
arbeitet  worden  ist,  daher  von  geringerem  Werte  ist,  daB  in  manchen 
Untersuehungen  einem  leichteren  Operieren  zuliebe  die  Thyreoidea  samt 
den  Parathyreoideae  exstirpiert  worden  ist. 
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Die  Tetanie  uiid  das  Nerven system. 

Das  Hauptinteresse  bei  alledem  riehtete  sieh  anf  die  Bestimmung 
der  Faktoren,  die  die  cliarakteristischen  SN'mjjtome  der  Tetanie  erzeugen, 
wie  sie  infolge  ungeniigender  Wirksamkeit  der  Nebenschilddriisen  in  die 
Er.'cheinung  tritt.  Die  meisten  der  iilteren  Autoren  begniigen  sich  mit 
der  Hypothese,  daB  das  Fehlen  der  Nebenschilddriisen  oder  ihrer  Se- 
kretion  eine  Art  von  Vergiftung  hervorruft,  die  wahrscheinlich  durch 
die  Anhiiufung  einer  gerade  das  Nervensystem  schadigenden  oder  reizen- 
den  Substanz  in  den  Gewebssaften  bedingt  wird,  so  daB  eine  Uber- 
empfindlichkeit  mit  der  Neigung  zu  muskularen  Spasmen  daraus  resultiert. 
Tatsachlich  ist  eine  solche  giftige  Substanz  im  Blute  nicht  nachgewiesen 
worden,  wenn  auch  in  der  Literatur  einzelne  v^age  Befunde  mitgeteilt 
sind,  die  das  Auftreten  unbestimmter  tetanischer  Symptome  nach  Ein- 
spritzung  von  Tetanieblut  bei  einem  normalen  Tier  betreiien  (Colzi, 
Fano  und  Zanda,  Rogowitsch,  Sgobbo  und  Lamari,  Gley. 
Biedl  u.  a.).  Pfeiffer  und  Mayer  wiederholten  diese  Versuche  an 
Hunden  mit  negativen  Resultaten,  und  Mac  Callum  berichtete  iiber 
mehrere  abnliche  Versuche  an  Hunden,  nach  manchen  Richtungen 
variiert.  um  dem  injizierten  Blute  zur  Entfaltimg  einer  gewissen  Wirk- 
samkeit Gelegenheit  zu  geben.  Sogar  nach  partieller  Parathyreoidektomie 
brachte  die  Injektion  von  Blut,  das  einem  Hunde  mit  ausgepragter 
heftiger  Tetanie  durch  Verbluten  entnommen  war.  keinerlei  definitive 
Symptome  hervor,  audi  wenn  der  Hund  in  weiten  zeitliehen  Zwischen- 
riiumen  bereits  Andeutungen  von  tetanischen  Anfallen  erkennen  lieB. 
also  nahe  der  Grenze  der  Parathyreoidinsuffizienz  war.  Das  Experi- 
ment ist  zu  kompliziert.  da  es  auf  der  Moglichkeit  einer  Storung 
der  Balance  beruht,  die  durch  die  Parathyreoidreste  erhalten  wurde. 
Augenscheinlich  war  die  Dosis  des  Tetanieblutes.  obwohl  groB.  doch 
nicht  groB  genug,  um  dieses  Verhaltnis  entscheidend  zu  storen. 

Pfeiffer  und  Mayer  haben  in  ihren  Versuchen  das  Serum  von 
an  Tetanie  leidenden  Hunden  in  die  Blutbahn  von  Mausen  gebracht 
und  fanden,  daB  normale  Mause  gesund  blieben.  partiell  parathyreoid- 
ektomierte  Tiere  dagegen  in  Tetanie  starben.  Daraus  schlieBen  sie, 
daB  ein  zirkulierendes  Toxin  im  Blut  vorhanden  sei.  Die  weiteren 
Komphkationen  in  diesen  Versuchen.  wie  sie  durch  das  artfremde 
Serum,  durch  die  Benutzung  von  Serum  anstatt  von  Gesamtblut  und 
endlich  durch  die  all  diesen  Versuchen  gemeinsame  Gefahr  gegeben 
sind,  daB  namlich  die  Tetanie  durch  Parathyreoidektomie  selbst  aus- 
gelost  ist,  vermindert  den  Wert  ihi'er  Beweiskraft  natiirlich  sehr. 

Das  weitere  Studium  dieser  Frage  von  der  Gegenwart  eines  zirku- 
lierenden  Toxins  im  Blut  muB  abhangen  zunachst  von  einer  klareren 
Erkenntnis  des  Wesens  der  Wirkungen  und  der  Art  der  Gewebe,  die 
dabei  betroiien  sind.  Die  Symptome  sind  nianifest  genug,  und  doch 
ist  zurzeit  noi'h  nicht  entschieden,  ob  die  Storung  im  Gehirn,  Riicken- 
mark.  den  peripheren  Nerven  oder  den  Muskeln  gelegen  ist. 

Erschopfende  Untersuchungen  iiber  diesen  Gegenstand  sind  zurzeit 
noch  nicht  durchgefiihrt  worden.    Lanz  schloB,  daB  der  ..Angriffspunkt"' 
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des  hypothetischen  ..Tetaniegiftes"  weder  in  den  peripheren  Nerven 
noch  im  Riickenmark.  noch  auch  in  den  motorischen  corticalen  Rinden- 
bezirken  gelegen  sei.  Mac  Galium  hatte  in  friiheien  Experimenten 
gefunden,  daC  in  einer  Extremitat,  zu  der  die  Nerven  duichsclinitten 
wurden,  keine  Spasmen  anftraten.  Er  fand  relativ  schwaehe  Zuckungen 
in  den  geliihmten  Extremitaten  naeh  der  Durchsclineidung  des  Riicken- 
markes.  wobei  die  Muskeln  schlafi  waren.  In  den  jiingeren  Expeii- 
menten  von  Biedl,  Falta  und  Rudinger  aber  waren  solche  Zuckungen 
mehr  ausgesprochen,  so  dalJ  der  Zustand  der  hinteren  Extremitaten 
in  solchen  Fallen  sicli  von  dem  der  intakten  vorderen  Extremitaten 
hauptsiichlieh  im  Verlust  der  tonischen  Contraction  unterschied.  Die 
Vorderliiufe  eines  solchen  Tieres  werden  starr  gehalten;  ein  Schauer 
kann  darin  gefiihlt  werden,  haufig  unterbrochen  durcli  spasmiscli-klonische 
Contractionen,  wahrend  in  den  Hinterlaufen  die  klonischen  Contractionen 
allein  auftreten.  Durchsclmeidung  des  Riickenmarkes  scheint  daher  den 
bei  der  Tetanic  gesteigerten  tonisierenden  EinfluB  des  Zentralnerven- 
systems  auf  die  Muskeln  zu  beheben,  ^^•ahrend  die  tJbertragung  von 
Zuckungen  durch  Impulse  aus  den  Vorderhornzellen  moglich  bleibt.  Es 
ist  klar.  daB.  vvenn  die  peripheren  Nerven  vom  Riickenmark  getrennt  sind, 
keine  Impulse,  was  fiir  welche  immer  es  sein  mogen,  zu  den  Muskeln 
gelangen  konnen.  so  daB  eine  entsprechende  Extremitiit  in  vollkommener 
Ruhe  verharren  muB.  Exstirpationen  der  motorischen  Rindenregionen 
haben  keine  sehr  klaren  Wirkungen  auf  die  tetanischen  Zuckungen  der 
Extremitaten  in  den  Versuehen  von  Lanz  und  Mac  Galium  ergeben. 
Biedl  dagegen  berichtet  iiber  eine  Steigerung  der  klonischen  und 
tonischen  Contractionen  auf  der  paretischen  Seite. 

l^bererregbarkeit  der  motorischen  Nerven. 

Hinsichtlich  des  Zustandes  der  peripheren  Nerven  wahrend  der 
Tetanic  fand  Biedl.  daB  ein  Nerv,  der  wahrend  der  Tetanie  durch- 
schnitten  wird,  rasch  seine  Ubererregbarkeit  einbiiBt.  Eppinger  und 
Falta  zeigten,  daB  nach  Durchschneidung  des  Riickenmarks  die  Nerven 
der  geliihmten  Extremitaten  iiberempfindlich  sind,  daB  Ligatur  der 
Femoralarterie  keine  Veriinderung  darin  hervorbringt.  und  daB  nach 
Durchschneidung  des  Ischiadicus  vor  der  Tetanie  der  Nerv  degeneriert, 
ohne  daB  er  jemals  iibererregbar  wird.  wahrend  der  Nerv.  wenn  er  im 
Laufe  der  Tetanie  durchschnitten  wird,  fiir  eine  Zeitlang  erregbar  bleibt. 
Falta  und  Rudinger  bestatigen  das  in  einer  neueren  Arbeit  und 
Ziehen  den  SchluB,  daB  bei  Tetanie  die  vermehrte  Erregung  des  peri- 
pheren Nerven  ihren  Grund  hat  ,,in  einer  abnormen  Ladung  des  gesamten 
Neurons  von  dem  trophischen  Zentrum  —  der  Ganglienzelle  —  aus 
mit  einer  bisher  noch  unbekannten,  definierbaren  Substanz.  Es  bliebe 
jetzt  noch  iibrig,  die  Briicke  zu  suchen  zwischen  dem  Ubererregungs- 
zustande  in  den  motorischen  und  sensiblen  Ganglienzellen  des  Riicken- 
marks einerseits  und  des  Sympathicus  andererseits". 

Mac  Galium  fand  in  neueren  Experimenten,  daB  die  Ligatur  der 
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Femoralarterie  allein  keine  Veranderung  in  der  t'bererregbarkeit  des 
Nerven  hervornift  infolge  der  reichlichen  kollateralen  Blutversorgung. 
VoUkommene  Anamie  einer  Extremitat  bringt,  wie  wohl  bekannt  ist,  in 
sehr  kurzer  Zeit  Veranderungen  in  der  Nervenerrcgbarkeit  herv'or.  die 
zu  ihrem  allmahlichen  Verschwinden  fiihrt.  oft  schon  nach  einer  halben 
Stunde.  Im  Laufe  dieser  'Veranderung  nimmt  die  KOZ  und  AOZ 
merklich  gegeniiber  der  KSZ  und  ASZ  zu.  Nichtsdestoweniger  sinkt 
trotz  dieser  relativen  Uberempfindlichkeit  die  Erregbarkeit  und  ist  alle- 
mal  niedriger  als  in  der  Tetanie.  Zur  Beurteilung  der  Erregbarkeit 
der  durdischnittenen  peripheren  Nerven  ist  es  notig.  alle  Nerven  einer 
Extremitat  zu  trennen  oder  alle  Muskeln  oberhalb  der  Stelle,  wo  man 
priifen  will,  zu  durchschneiden,  da  sonst  ihre  Contraction  leicht  die 
Resultate  triibt.  Mit  solchen  VorsichtsmaBregeln  fand  man,  dafi  die 
Nerven,  wenn  sie  durclischnitten  wui'den,  nachdem  die  Tetanie  voll  ent- 
wickelt  war,  ihre  hohe  Erregbarkeit  mindestens  2  Tage  bewahrten.  dann 
allerdings  sehr  rasch  alle  Erregbarkeit  iiberhaupt  verloren  und  auf 
keinerlei  Strom  mehr  antworteten.  Werden  sie  durchschnitten  nach 
der  Entfernung  der  Nebenschilddriisen,  so  nimmt  ihre  Erregbarkeit 
ebenso  zu  wie  die  der  intakten  Nerven.  Diese  Cbererregbarkeit  bleibt 
vorhanden  bis  zu  ihrer  Degeneration,  die  ein  plotzliches  vollkonimenes 
Erloschen  zur  Folge  hat. 

DaB  das  nicht  notwendigerweise  das  Resultat  einer  Veranderung 
im  ganzen  Neuron  einschlieBIich  der  Ganglienzellen  in  den  Vorder- 
hornern  ist.  ergibt  sich  aus  weiteren  Versuchen.  in  denen  die  Arteria 
und  Vena  femoralis  eines  normalen  Tieres  mit  der  Carotis  und  Jugularis 
eines  zweiten  Tieres,  bei  dem  eine  voll  ausgepragte  Tetanie  besteht,  ver- 
bunden  wurden.  Die  peripheren  Telle  der  Nerven  und  Muskeln  waren  so 
durchstromt  vom  Blute  eines  tetanischen  Hundes,  \\ahrend  das  Riicken- 
mark  unverjindert  blieb.  Der  periphere  neuromuskulare  Apparat  nimmt  in 
1  Stunde  den  hohen  Grad  und  die  qualitativen  Veranderungen  der  fiir 
die  Tetanie  charakteristischen  Eigentiimlichkeiten  der  tjbererregbarkeit  an. 
Vereinigt  man  die  femoralen  BlutgefaBe  wieder  mit  ihren  eigenen  Stiimp- 
fen  und  fiihrt  auf  diese  Weise  der  Extremitat  ihi-  eigenes  Blut  wieder  zu, 
so  kehrt  die  Erregbarkeit  der  peripheren  Nerven  zur  Norm  zuriick.  Werden 
die  njimlichen  Anastomosen  zwischen  zwei  normalen  Tieren  geschaffen,  so 
tritt  keinerlei  Veranderung  in  der  Erregbarkeit  auf. 

Daraus  geht  hervor,  daB  bei  der  Tetanie  die  peripheren  Nerven 
du'ekt  liidiert  werden.  wobei  es  sehr  wahrscheinlich  bleibt,  daB  die 
namhchen  Einfliisse  auf  ahnlichem  Wege  Ubererregbarkeit  im  Zentral- 
nervensystem  hervorrufen. 

Diese  Versuche  scheinen  auch  einen  weit  zwingenderen  Beweis 
fiir  die  Richtigkeit  der  Vernuitung  zu  erbringen,  daB  eine  Substanz 
im  Blute  angehauft  ist,  oder  wenigstens.  daB  nach  der  Zerstorung  der 
Nebenschilddriisen  eine  Veranderung  darin  Platz  greift,  die  es  instand 
setzt,  im  Nervensj'stem  eine  tjbererregbarkeit  hervorzurufen.  Die  Rasch- 
heit,  mit  der  diese  tjbererregbarkeit  auftritt,  spricht  fiir  die  Gegenwart 
irgendeiner  aktiven  Substanz  im   Blute. 
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tlbererregbarkeit  der  seiisiblen  Nerven. 

Bisher  war  nur  dem  Zustand  der  niotorischen  Nerven  Beachtung 
geschenkt  vvorden,  aber  an  der  Ubererregbarkeit  der  sensiblen  Nerven 
ist  nicht  weniger  zu  zweifeln.  Hoffmann  studierte  1888  dieses  Pha- 
nomen  und  beobachtete  Pariisthesien  und  Erhohung  der  sensorischen 
Erregbarkeit  ebensowohl  wie  der  motorischen  auf  mechanische  und 
elektrische  Reize  bin,  was  ihn  veranlaCte,  in  der  Tetanic  das  Resultat 
einer  Reizung  der  motorischen  Nerven  durch  das  Sensorium  zu  sehen, 
oder  noch  wahrscheinlicher  eine  Kombination  von  erhohter  sensorischer 
Reflextiitigkeit  und  motorischer  Errcgung.  Hesse,  Niemeyer,  Schultze 
und  andere  batten  keine  Zunahme  in  der  Refiexerregbarkeit  gefunden, 
von  der  Hoffmann  annahm,  daB  sie  mit  der  Ubererregbarkeit  der 
Vorderhornzellen  vereinbar  sei.  Chvostek  hat  1891  auf  die  Erhohung 
der  mechanischen  und  elektrischen  Erregbarkeit  der  sensiblen  Nerven 
hingewiesen.  Er  vermochte  diese  elektrische  Veranderung  zu  messen 
und  zu  zeigen,  daB  sie  denselben  Gesetzen  hinsichtlich  Offnung  und 
SchlieBung  und  Umdrehung  des  Stromas  folgt  wie  bei  den  motorischen 
Nerven.  Einfache  Empfindung  ist  verbunden  mit  Parasthesien,  eiu 
Phiinomen.  das  ebenso  sich  an  den  spezifischen  Sinnen  iiuBert:  bei 
Reizung  des  Acusticus  durch  einen  relativ  schwachen  Strom  wird  ein 
lauter  ScliaU  gehort.  Auf  diese  Beobachtungen  nimmt  er  1909  in 
seiner  Arbeit  iiber  die  Diagnose  der  Tetanie  abermals  Bezug.  Fait  a 
und  Kahn  erwahnen  ebenso  wie  auch  Frankl-Hochwart  die  bittere 
Geschmacksempfindung,  die  durch  einen  leichten  elektrischen  Reiz  hervor- 
gebracht   wird.  in  Fallen  von  Tetanie. 

Das  sympathisohe  Nervensystem. 

Angesichts  dieser  weitgehenden  Veranderungen  am  Nervensj^stem 
ist  es  nicht  verwunderlich,  auch  Veranderungen  des  sympathischen 
Systems  zu  finden.  Ibrahim  "erwahnt  Fiille  von  kindlicher  Tetanie, 
in  denen  Spasmen  von  After  und  Blase  mit  Stuhl-  und  Urinverhaltung 
vorhanden  waren,  einen  anderen  Fall  mit  Ungleichheit  der  Pupillen. 
die  er  einem  Spasmus  des  Dilatator  jiujiillae  zuschreibt.  Ferner  fiihrt 
er  vasomotorische  Storungen  an,  in  deren  Gefolge  Odeme  an  den 
Beinen  usw.  auftraten,  und  Herzstillstand.  den  er  als  Herztetanie  analog 
dcm  Laryngospasmus  auffaBt. 

Falta  und  Kahn  haben  die  Fragen  der  Beziehungen  der  Tetanie 
zum  vegetativen  System  in  ihre  neueste  Arbeit  aufgenommen  und 
finden.  nach  dem  Studium  ihres  klinischen  Materials,  manche  AuBerung 
einer  Ubererregbarkeit  des  Sympathicus.  Beide,  Adrenalin  und  Pilo- 
carpin,  zeigen  eine  sehr  gesteigerte  Wirksamkeit  bei  Tetanischen,  was 
seine  Ursache  hat  in  der  gesteigerten  Empfindlichkeit  des  neuromusku- 
laren  Komplexes  fiir  sympathicotrope  Reize.  Symptome  wie  Pupillen- 
erweiterung,  Tranen-  und  SpeichelfluB  sowie  SchweiBsekretion  sind 
zweifelhaft.     So    auch    die    Veranderungen    im    Typus    der    Respiration 


584  W.  G.  Mac  Callum: 

und  die  kardiale  Tetanie.  Aber  GefaBstorungeii  sind  gewohnlich  vor- 
handen,  auBerdem  fiiiden  sich  Symptome  von  seiten  des  gaiizen  Di- 
gestionstractus:  Erbrechen.  Diarrhoen,  Magenkrampfe  usw.,  die  als 
Veriinderungen  in  der  Tiitigkeit  des  Sympathicus  angesehen  werden 
konnen. 

Unsere  Erkenntnis  von  dem  wahren  Wesen  der  Paratliyreoid- 
insuffizienz  auf  das  Nervensystem  ist  zurzeit  noch  recht  unvollstiindig, 
obwohl  der  Weg  fiir  ausgedehntere  Untersuchungen  gebahnt  scheint. 
So  vage  audi  unsere  Vorstellungen'  iiber  die  Art  des  Ablaufs  diescr 
Storungen  sind,  so  beginnen  wir  uns  trotzdem  dem  Problem  zu  nahcrn, 
wenn  wir  sehen.  daB  das  zirkulierende  Blut  eine  bestimmte  Substanz 
enthalt,  die  eine  Nerveniibererregbarkeit  herv^orrufen  kann  oder  wenig- 
stens  so  verandert  ist,  daB  daher  dieser  Effekt  riilnt.  Weitere  Unter- 
suchungen des  Blutes  mogen  von  Erfolg  in  der  Losung  dieser  Frage 
sein,  was  deshalb  von  so  groBer  Tragweite  ist,  weil  wahrscheinlich 
damit  ein  Paradigma  gegeben  ist,  mittels  dessen  ahnliche  Fragen  in 
Beziehung  zu  verwandten  Driisen  in  Angriff  genommen  werden  konnen. 

Der  Stoffwechsel  in  der  Tetanie. 

Die  Stoffwechseluntersuchungen  nach  Parathyreoidektomie  haben 
sparliche  und  zum  Toil  widersprechende  Resultate  gehabt,  was  wohl 
den  versehiedenen  in  Anwendung  gezogenen  Methoden  zur  Last  zu 
legen  ist.  Dazu  kommt,  daB  es  nicht  leiflit  ist.  zwischen  den  Ver- 
anderungen,  die  auf  die  angestrengte  Muskeltatigkeit  zu  beziehen  sind, 
und  solchen,  die  das  Resultat  des  Verlustes  der  Funktion  der  Neben- 
schilddriisen  sind,  zu  entscheiden. 

Das  ist  vielleicht  ganz  besonders  der  Fall  hinsichtlich  der  StickstoS- 
untersuchung.  Mac  Callum  und  Voegtlin,  Berkeley  und  Beebe, 
Cooke  und  Jacobsohn  fanden  wiihrend  des  tetanischen  Anfalls  die  Am- 
moniakmenge  in  Blut  und  Urin  erheblich  gesteigert,  wohingegen  in  einer 
neueren  Arbeit  Carlson  und  Jacobsolin  mit  anderen  Methoden  keine 
wesen  tliche  Zunahme  feststellten.  Ebenso  findet  Greenwald  den 
Ammoniakstickstoff  im  Verhaltnis  zum  Gesamtstickstoff  wenig,  wenn 
iiberhaupt  vermehrt,  und  die  Konzentration  des  Blutes  an  Ammoniak 
nicht  holier  als  im  Blut  normaler  Tiere.  Medwedew  auf  der  anderen 
Seite  fand  das  Ammoniak  im  Blut  bei  der  Tetanie  vermehrt  und  er- 
kliirt  diesen  Umstand  mit  dem  Abbau  irgendeiner  Substanz,  wobei 
Ammoniak  frei  werde;  der  thyreoparathjTeoide  Apparat  liefere  ein 
Ferment  oder  eine  Desamidase. 

Einige  dieser  Autoren  (Berkeley  und  Beebe,  Jacobsohn)  dachten 
sogar,  daB  das  Ammoniak  in  ursachlicher  Beziehung  zur  Tetanie  stiinde 
und  betrachteten  es  als  Index  fiir  die  Gegenwart  einer  giftigen  Substanz 
oder  selbst  als  das  Gift;  Jacobsohn  fand  diese  Annahme  bestatigt 
durch  die  Beobachtung,  daB  die  namliche  Menge  Ammoniak  erforderlich 
ist,  um  Konvulsionen  zu  erzeugen.  die  sich  beim  Tiere  wiihrend  eines 
tetanischen  Anfalls   im  Blute   vortindet.      Spiiter   aber   zogen  sie  diesen 
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Gedanken  wieder  zuriick.  nachdem  sie  gefunden  hatten,  daC  Ammoniak 
bei  einem  Tiere  nach  Durchschneidung  des  Riickenmarks  Kriirapfe  in 
den  gelahmten  Extremitaten  erzeugt ,  wahrend  sie  keine  derartigeii 
Konvulsionen  am  Tetaniehund  nach  der  Durchschneidung  fanden. 
Voegtlin  und  MacCallum  zeigten  fernei-,  daB  Ammoniaksalze  die  Er- 
regbarkeit  der  motorischen  Nerven  nicht  erhohten  und  daB  ihre  Injektion 
gerade  im  Gegenteil  die  Symptome  der  Tetanie  herabsetzten. 

Frouin  ist  der  Ansicht.  daB  Carbaniinsaure  im  Blute  zirkuliert 
und  im  Urin  in  vermehrter  Menge  ausgesehieden  wird,  und  daB  sie  als 
Ursache  des  Zustandes  anzusprechen  sei.  Aber  Green wald  erhebt 
emsten  Zweifel  dagegen,  da  die  WahrscheinHchkeit  der  Gegenwart  von 
Carbaniinsaure  in  einem  nicht  stark  alkalischen  Urin  noch  sehr  zur 
Diskussion  stehe.  Die  ausgedehntesten  neueren  Untersuchungen  iiber 
Veranderungen  im  Stoffvvechsel  nach  Parathj'reoidektomie  stammen  von 
Cook  und  Greenwald.  Cooks  Resultate  sind  die  folgenden:  Nach 
vollstiindiger  Parathyreoidektomie  mit  partieller  Thyreoidektomie  tindet 
sich  eine  bemerkenswerte  und  konstante  Zunahme  des  StickstofFs  im 
Urin  und  im  speziellen  der  Ammoniakkomponente.  Das  Kreatinin  und 
die  Aminosauren  bleiben  praktisch  unverandert,  wahrend  vielieicht  eine 
geringe  Zunahme  in  dem  nichtspezifizierten  Stickstoff,  die  wie  die 
Ammoniakzunahme  auf  Kosten  des  Harnstoffes  besteht.  zu  finden  ist. 
Bei  zweien  der  Tiere,  der  einzigen,  bei  denen  nach  dieser  Richtung 
untersucht  wurde,  erschien  Milchsaure  im  Urin  gleichzeitig  mit  dem 
Auftreten  des  tetanischen  Anfalls  und  mit  dem  Anvvachsen  der  Stick- 
stoff- und  Ammoniakausscheidung.  Ein  Tier,  bei  dem  keine  Tetanie 
auftrat,  starb  mit  erhebhchen  Ernahrungsstorungen,  die  die  Folge  der 
Operation  waren,  wobei  der  Urin  dieselbe  Zunahme  der  Stickstoff-  und 
Ammoniakfraktion  aufwies,  die  die  Hunde  mit  richtiger  Tetanie  charak- 
terisierte.  Die  Gegenwart  von  Milchsaure  im  Urin  hat  mehrere  Er- 
klarungen  gefunden  (exzessive  Muskelanstrengung,  Erschopfung  der 
Leberfunktion  oder  die  Unfiihigkeit,  einen  UberschuB  von  Ammoniak 
im  Blut  zu  neutrahsieren).  Wahrscheinlich  hangt  die  vermehrte  Aus- 
scheidung  von  Magnesia  und  anderen  Basen  im  Urin  damit  zusammen. 
Eine  andere  Vermutung  ist  die,  daB  die  Milchsaure  im  Urin  infolge 
des  Daniederliegens  der  oxydativen  Prozesse  wahrend  des  tetanischen 
Anfalls  erscheint;  keinesfalls  ist  der  Ausscheidung  der  Milchsaure  irgend- 
eine  atiologische  Bedeutung  beizumessen.  Greenwald  kritisiert  Cooks 
Resultate  mit  Riicksicht  auf  die  hohen  Werte  der  Ammoniakausscheidung 
und  bezieht  diese  einmal  darauf,  daB  die  Tiere  im  Hungerzustand  ge- 
wesen  seien,  zum  andern  setzt  er  aus,  daB  ihr  Urin  durch  Katheterismus 
entleert  wurde  und  dadurch  einer  ammoniakalischen  Garung  leicht  zu- 
ganglich  war.  Green  wald  s  eigene  Resultate,  die  er  von  Stofl'wechsel- 
untersuchungen  am  Hunde  erhielt,  bei  konstanter  Diat  ohne  Anwendung 
des  Katheters  und  nach  alleiniger  Exstirpation  der  Xebenschilddriisen 
sind  die  folgenden: 

1.  Die  Stickstoffausscheidung  war  erst  nach  dem  Auftreten  der 
Tetanie  gesteigert. 
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2.  Die  Harnstolikomponente  waren  im  Verhaltnis  zur  Menge  des 
Gesanitstickstoffs  herabgesetzt. 

3.  Die  Ammoniakkomponente  war  verhaltnismaBig  nur  wenig,  wenn 
iiberhaupt  gesteigert. 

4.  Die  Konzentration  des  Blutes  an  Ammoniak  war  normal. 

5.  Die  Kreatininausscheidung  war  ungefahr  dieselbe  wie  vor  der 
Operation  oder  wenig  herabgesetzt. 

6.  Das  Kreatin  im  Urin  war  sehr  erheblich  vermehrt. 

7.  Der  Purinstickstoff  im  Urin  war  vermehrt. 

8.  Die  nicht  spezifizierbare  Stickstoffkomponente  im  Urin  war  ge- 
steigert. 

9.  Die  Ausfcheidung  von  Schwefel  im  Urin  war  vermehrt.  Die 
Zunahme  beruhte  hauptsachlich  auf  der  Zunahme  der  anorgani- 
schen  Sulfate  und  des  neutralen  Schwefels. 

10.  In  den  ersten  paar  Tagen  nach  der  Exstirpation  der  Neben- 
schilddriisen  war  die  Phosphorausscheidung  sehr  deutlich  ver- 
mindert.  Dagegen  trat  nach  dem  Erscheinen  der  tetanischen 
Symj^tome  eine  Steigerung  der  Au-sfuhr  ein. 

Die  vermehrte  Ausscheidung  der  unbekannten  stickstotfhaltigen 
Bestandteile  mag  an  der  verminderten  Leistungsfahigkeit  der  Leber 
liegen.  Immerhin  bilden  die  Versuche  keine  Stiitze  fiir  die  Annahme, 
dai3  die  Tetanie  als  Folge  der  Parathyreoidektomie  mit  einer  Vergiftung 
durch  Ammoniak  oder  durch  Carbaminsaure  etwas  zu  tun  habe. 

Die  verminderte  Ausscheidung  des  Phosphors  ist  die  auffallendste 
bisher  beobachtete  Anderung  im  Stoffweehsel  des  Parathyreoidektomierten. 
Wahrscheinlich  wird  eine  genaue  Erforschung  der  Form,  in  der  der 
Phosphor  retiniert  «'ird.  die  Funktion  der  Nebenschilddriisen  einiger- 
maBen  beleuchten. 

Fait  a  und  Kahn  haben  den  Aminosaurestickstoff,  den  Poly- 
peptidstickstoff  und  den  Ammoniakstickstoff  bei  der  Tetanie  studiert 
und  finden.  daB  im  akuten  tetanischen  Anfall  die  Ausscheidung  des 
Ammoniaks  relativ  und  absolut  vermehrt,  hingegen  die  Aminosaure- 
fraktion  normal  ist.  Der  Peptidstickstoff  ist  sehr  vermehrt,  aber  wird " 
so  gut  wie  nicht  beeinfluBt  durch  Verabreichung  von  Glykokoll.  Die 
Autoren  unterscheiden  hier  scharf  gegeniiber  dem  Zustand  bei  nekroti- 
sierenden  Prozessen  in  der  Leber,  bei  denen  gerade  der  Aminosauren- 
stickstoff  vermehrt  ist. 

Diese  Untersuchungen  geben  uns  nur  wenig  oder  gar  keinen  Auf- 
schluB    iiber    das  Wesen   der   StofEwechselveranderungen ,    die   charakte- 
ristiscli    fiir    die  Tetanie    sind;    es    erscheint  zweifelhaft,    ob  iiberhaupt] 
die  Untersuchung  der  Exkrete  hier  mehr  Klarheit  bringen  kann  als  bei  | 
den  Vorgangen,  wie  sie  das  Diphtherie-  oder  Tetanu.stoxin  erzeugt. 

Anorganisclie  Substanzen,  Calcium. 

Die  Veriinderungen  im  Stofiv^echsel  der  anorganischen  Bestandteile 
haben    sich    als  lehrreich  erwiesen.    obgleich  sie  vielleicht  nur  der  Aus- 
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druck  von  untergeordneten  Storungen  sind.  Hauptsachlich  auf  das 
Calcium  wiirde  die  Aufnierksamkeit  gelenkt,  wohl  einmal  deswegen, 
weil  es  therapeutische  Anwendung  fand,  zum  andern,  weil  iin  V'erlaufe 
einer  chronischcn  Tetanie  im  OssifikationsprozeB  Storungen  auftraten. 
Aber  Magnesium.  Xatiium  und  Kalium  sind  ebenso  gewertet  worden. 
trotzdem  ihre  Bedeutung  noch  durchaus  nicht  hinlanglich  klar  ist.  Die 
alters  Literatur.  die  in  den  Arbeiten  von  Gregor.  Sabbatani,  Loeb. 
Roncoroni.  Stoeltzner.  Bogen,  Quest,  Czybulski.  Silvestri. 
Netter.  v.  Pirquet.  Parhon  und  Ureche.  Mac  Galium  und  Voegt- 
lin  und  anderen  enthalten  ist.  findet  sieh  bei  Rudinger  und  in  alien 
Monographien  des  Gegenstandes. 

Die  Beobachtungen  von  Loeb.  Sabbatani,  Quest.  Roncoroni 
und  anderen  betreffen.  wie  bekannt  sein  diirfte.  das  Verhaltnis  des 
Calciums  zur  Nervenerregbarkeit.  Stoeltzner  und  andere  gaben  dem 
Gedanken  Ausdruck,  daB  die  infantile  Tetanie  einer  Calciumvergiftung 
zuzuschreiben  sei.  Bogen,  Czj'bulskj',  Quest  und  Xetter  bestritten 
das,  und  wahrend  Xetter  Calciumsalze  mit  gutem  Resultate  solchen 
Kindern  verabreichte.  fand  Quest.  daB  ihr  Gehirn  relativ  calciumarni 
war  und  dal3  man  bei  Hunden  eine  Nerveniibererregbarkeit  durch  eine 
langer  fortgesetzte  calciumarme  Ernahrung  erzielen  konnte.  Mac  Galium 
und  Voegtlin  zeigten.  daB  es  moglicli  ist.  die  Symptome  der  Tetanie 
bei  parathyreoidektomierten  Hunden  durch  intravenose  Injektion  relativ 
groBer  Dosen  von  Calcium  zu  unterbrechen  und  daB  es  sich  dabei  um  eine 
fast  momentane  Hilfe  handelt.  Sie  fanden  in  Analysen  von  Blut  und  Ge- 
hirn. daB  bei  der  Tetanie  das  Calcium  darin  abgenommen  liatte,  wahrend 
seine  Ausscheidung  in  Urin  und  Faeces  gleichzeitig  zunahm.  Deshalb 
meinten  sie.  es  handle  sich  bei  der  Tetanie  um  eine  Storung  in  der 
Zusammensetzung  der  Gewebsfliissigkeit.  welch  letztere  normalerweise 
durch  die  Nebensehilddriise  geregelt  wiirde,  so  daB  der  Wegfall  ihrer 
Sekretion  die  Storung  des  Gleichgewichts  zwischen  den  mineralischen 
Bestandteilen  zur  Folge  hatte.  Moglicherweise  tritt  eine  giftige  Substanz 
von  Saurecharakter  dabei  auf.  Denn  ein  ausgiebiger  AderlaB  mit  Er.satz 
des  Blutes  durch  Salzlosung  behebt  solche  Tetanie.  Ein  aktives  Gift 
ist  bisher  nicht  gefunden  worden.  wohl  aber  seine  Wirkung,  die  darin 
bestehen  diirfte.  daB  eine  Drainage  von  Calciumsalzen  aus  den  Geweben 
heraus  stattfindet. 

Von  der  Verarmung  an  diesen  riihrt  die  Nerveniibererregbarkeit 
sowohl  als  die  Tetanie  her. 

Frijher  neigten  die  Autoren  zu  der  Ansieht.  daB  die  giinstige  thera- 
peutische Wirkung  der  intravenosen  Calciuminjektion  auf  den  Ersatz 
des  Calciums  zu  beziehen  ist,  wodurch  den  Xervenzellen  die  normale 
Funktion  zuriickgegeben  wird. 

Berkeley  und  Beebe  bestatigten  diese  Resultate,  schlossen  aber. 
da  Strontium-  und  Magne-siuminjektionen  ahnliche  Wirkungen  entfalten. 
daB  das  Calcium  sich  wie  ein  Sedativum  verhalte.  Audi  sie  sprechen 
von  einem  hypothetischen  Gift,  wahrscheinlich  einem  Produkt  des  ab- 
normen  Stickstoffwechsels.  und  erwahnen.  daB  Ammoniak  und  Xanthin 
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gewisse  ahnliche  Symptome  hervorrufen,  die  gerade  so  giinstig  durch 
Calcium  beeinHuBt  werden.  Einige,  wie  z.  B.  Cooke,  finden  den  Calcium- 
und  Magnesiumgehalt  des  Gehirns  bei  der  Tetania  unverandert,  finden 
aber  in  den  Exkreten  eine  vermehrte  Magnesium-,  nicht  Calciumaus- 
scheidung.  Cooke  allerdings  vernachliissigte  praktiscli  die  Faeces  bei 
seinen  Untersuchungen.  Wenn  man  unter  Beriicksichtigung  dieser  Tat- 
sachen  seine  Tabellen  betrachtet,  so  wild  die  Zunahme  der  Calcium- 
ausscheidung  auffallender  als  die  der  Magnesiumausscheidung. 

Seit  der  Zeit  sind  viele  Arbeiten  erschienen  mit  Riicksicht  auf 
diese  Frage,  die  zuni  Teil  die  kindliche  Tetanie  behandeln,  zum  Teil 
spezieller  sicli  mit  Wachstum  und  Ossifikation  beschaftigen,  oder  solche, 
die  die  nervose  Erregbarkeit  bei  der  experimentellen  Tetanie  unter- 
suchen.  Was  die  Beziehung  des  Calciums  zu  der  kindliclien  Tetanie 
angeht.  so  gehen  die  Meinungen  hier  sehr  weit  auseinander.  Fink  el- 
stein  wies  1902  darauf  hin.  daB  bei  Saiiglingen  einseitige  ErnJihrung 
mit  Kuhmilch  leicht  eine  Spasmophilie  erzeuge.  DaB  bei  kiinstlich 
ernahrten  Kindern  diese  Disposition  zu  beriicksichtigen  sei,  wurde  all- 
gemein  anerkannt.  Welcher  Bestandteil  der  Kuhmilch  aber  dafiir  ver- 
antwortlich  gemacht  werden  sollte,  war  weniger  klar.  Stoeltzner  be- 
stand  in  mehreren  Arbeiten  darauf.  daB  der  hohe  Calciumgehalt  der 
Kuhmilch  die  Schuld  trage.  und  stellte  sogar  fest.  daB  die  nervose 
Ubererregbarkeit  manclimal  durch  Calciumchloride  gesteigert  werden 
kann.  Die  Storung  der  Darmtatigkeit  ist  es,  die  die  Ausscheidung  des 
Calciums  verhindert  und  die  ..Kalkstauung"  verursacht,  die  durch  eine 
Calciumvergiftung  selbst  einen  plotzlichen  Herztod  hervorrufen  kann. 
Stoeltzner  meint.  daB  eine  gewisse  Kalkkonzentration  zu  der  normalen 
Erregbarkeit  der  Nerven  gehort,  daB  aber  mit  Zunehmen  der  Kon- 
zentration  die  Erregbarkeit  ein  Maximum  erreieht.  danach  unter  die 
Norm  herabgesetzt  wird.  Wemi  dann  die  Kalkkonzentration  in  den 
Geweben  diesen  Punkt  eben  erreieht  hat,  bei  dem  die  Erregbarkeit 
wieder  herabgesetzt  wird.  so  hat  die  Beschriinkung  des  Calciumgehalts 
den  riickliiufigen  Weg  wieder  durch  das  Stadium  der  maximalen  t)l)er- 
erregbarkeit  hindurch  zur  Folge.  Er  konstatierte  bei  der  Spasmophilie 
eine  Zunahme  des  Calciumgehalts  der  Muskeln  und  ist  der  Ansicht, 
daB  diese  Disposition  mit  der  Nebenschilddriise  nichts  zu  tun  habe. 

Niemand  hat  die  Ansicht  Stoeltzners  bestiitigt.  Risel  fand,  daB 
nach  der  Calciumdarreichung  in  einigen  Fallen  die  elektrische  Erreg- 
barkeit zunahm.  daB  aber  4  mal  so  oft  die  Erregbarkeit  stark  herab- 
gesetzt sei.  Bei  der  Spasmophilie  ist  die  elektrische  Erregbarkeit,  wie 
sie  in  der  KOZ  und  AOZ  zum  Ausdruck  kommt,  vermindert  nach  der 
Calciumgabe;  die  anderen  Symptome  gehen  parallel.  Klini.sche  Versuche 
zeigen,  daB  Calcium  nicht  den  Effekt  hat,  den  Kuhmilch  haben  soil. 
Schabad  zeigt,  daB  tatsachlich  eine  Entkalkung  statthat  bei  der  Er- 
nahrung  mit  Kuhmilch:  bei  Verfiitterung  von  reiner  Kuhmilch  namlich 
\\erden  nur  etwa  30  Proz.  Calcium  resorbiert  und  retiniert  im  Gegen- 
satz  zu  10  Proz.  bei  Ernahrung  mit  Frauenmilch.  Neurath  zeigt  in 
ahnlicher  Weise.  daB.  trotzdem  die  Kuhmilch.  verglichen  mit  der  Frauen- 
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milch,  einen  so  hohen  Prozentsatz  Calcium   aufweist.  die  Aufnahme  des 

Kalks  damit  nicht  parallel  geht.    sondern  daB  die   iiu  Urin  ausgescliie- 

dene  Menge  (die  man  als  Indikator  ansehen  kann)    beim   natiirlich   er- 

nahrten  Kind    3-  bis   16mal  groBer    ist    als    beim    kiinstlich    erniihrten. 

Bei  der  Tetaiiie.  vereint  mit  Rachitis,  sielit  Schabad  eine  giinstige  Be- 

einflussung  der  elektrischen  Erregbarkeit  in  der  Darreichung  von  Phos- 

phorlebertran  und  zeigt.  daB  diese  Hand  in   Hand  geht  mit  der  Besse- 

rung    in    der    Kalkretention,    so    daB    wahrscheinlich    die    Storung    der 

Phosphorausscheidung  die  primiire  ist.    Er  steUt  fest,  daB  die  Zufiihrung 

von  Calciumsalzen    den    tetanischen  Zustand    nicht    verschlechtert    und 

halt  die  Ansicht  Stoeltzners  fiir  unbegriindet.     Longo.   der  im  Blute 

von    tetanischen  Kindern    normale  Calciumverhaltnisse    findet,    schlieBt 

daraus.  daB  hier  keinerlei  Beziehungen  bestehen.  und  hiilt  es  fiir  wahr- 

scheinlich.    daB  Kuhmilch    auf  Grund    des  Abbaues   gewisser  Albumine 

schadlich    ist.     Seit    der  Publikation    der  Monographic  Rudingers   er- 

schien  eine  Anzahl  von  Arbeiten    iiber  die  Beziehung  des  Calciums  zu 

der  Tetanic  der  Kinder.     Colin   schlieBt   aus  einer  Untersuehung  iiber 

Calcium-,  Phosphor-  und  Stickstoffgehalt  des  Gehirns  tetanischer  Kinder. 

daB  das  Calcium  in  normaler  Menge  vorhanden  sei,  daB  deshalb  keinerlei 

Grund  fiir  die  Annahme  einer  Calciumverarmung  der  Gewebe  vorliege. 

Aschenheim    hebt    hervor.    daB    nicht    so   sehr   die  absolute  Calcium- 

menge.  die  das  Gehirn  eines  Kmdes  enthalt.  als  vielmehr  das  Verhaltnis 

der  Erdalkalien    zu    den  Alkalien   von  Wichtigkeit    sei.     Die  Anderung 

dieses  Verhaltnisses  bei  der  Substanz  des  Zenti-ahiervensystems,  die  zum 

.  ,  ,       /^       .  Alkalien      .  ,  .,       t       n 

Anwacnsen    des  Quotienten  =~r-r. — i^ —  luhrt.    ergibt   den  bvmptomen- 

Erdalkahen  =  -     ^ 

komplex  der  Tetanie.    Das  kann  der  Fall  sein.  wenn  auch  die  Werte  fiir 

Calcium  und  Magnesium  vollig  normal  sein  mogen.    Durch  alle  Arbeiten 

von  Loeb  und  anderen,    die    die  Salzvvirkungen   in   ihren  Beziehungen 

zu  der  neuromu-skuliiren  Erregbarkeit  studiert  haben.  ist  dieser  Gedanke 

gestiitzt  und  muB  von  denjenigen.  die  kiinftighin  Untersuchungen  iiber 

die  chemischen  Veranderungen  bei  der  Tetanie  machen,    beriicksichtigt 

werden. 

Die  Vernachlassigung  solcher  Verhaltnisse  stellt  den  wunden  Punkt 

in    alien    friiheren   Arbeiten    dar.    die    eine  Substanz    allein.    z.  B.    das 

Calcium,    beriicksichtigt   haben.     Cattaneo  fand  weit  weniger  Calcium 

als    normal   im  Blut    von  Kindern   bei  der  Tetanie,    auch  eine  viel  ge- 

ringere  Aufnahme   von  Kalk,    als   verabreieht   worden    \\ar.     AUe  seine 

Resultate  tragen  zu  der  Ansicht  bei.  als  ob  es  sich  bei  der  Spasmophilic 

um  eine  Hypocalcifikation  des  Organismus  handle,  oder  besser  um  eine 

Alteration  im  Verhaltnis  der  Salze,  die  von  der  Insuffizienz  des  thyreo- 

parathj-reoiden  Apparates  abhiingig  ist.  Neurath,  der  Wrights  Methode 

der  Calciumbestimmung  anwendet,  fand,  daB  bei  gesunden  Kindern  der 

hiicLste  Calciumwert    im   Blute    in    den    ersten  Lebenstagen   vorhanden 

ist;    spater   nimmt    er   ab.     Ferner   stellt    er  fest.    daB  er  holier  ist  bei 

Brustkindern   als   bei   kiinstlich  ernahrten  Sauglingen.     Eine  kiinstliche 

Kalkanreicherung    der  Nahrung    fiilirt    nicht    zu   einer   prompten  Kalk- 
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zunahme  im  Blut.  ja  sogar  zuweilen  zu  einer  Abnahme.  Im  Tier- 
experiment  fiihrt  Starke  Kalkanreicherung  der  Nahrung  zu  einem  ge- 
ringen  Ansteigen  im  Calciumgehalt  des  Blutes.  An  Tetaniekindern 
findet  sich  eine  relative  ..Armut  des  Blutes  an  oxalatfallbaren  Kalk- 
verbindungen" :  das  Experiment  lehrt  das  namliche.  Die  NebenschUd- 
driisen  haben  eine  fordernde  Wirkung  auf  den  Kalkstoffwechsel,  and 
es  scheint  aus  diesen  Analogien  klar  hervorzugehen.  daB  es  sich  bei 
der  kindlichen  Tetania  um  eine  Erkranliung  der  Nebenschilddriisen 
handeln  soil. 

Rosenstern  beschreibt  in  seiner  ausgezeichneten  Darstellung  des 
Gegenstandes  seine  eigenen  Versuche  iiber  die  Wirkung  des  Calciums 
auf  spasmophile  Sauglinge  unter  der  Kontrolle  der  elektrischen  Erreg- 
barkeit  (AOZ  und  KOZ)  und  findet.  daB  die  besondere  Ubererregbarkeit 
unmittelbar  zum  Verschw inden  gebracht  wird  unter  der  Darieichung 
des  Kalks.  und  daB  sie  langsam  zuriickkehrt  mit  dem  Erloschen  der 
Wirkung.  Das  Facialisphanomen  verschwindet  ebenfalls  unter  der  Be- 
handlung.  Natrium  hat  deutlich  den  gegensatzlichen  Effekt  und  erhoht 
die  Erregbarkeit  unter  Fiebererscheinung  und  Auslosung  eines  Laryngo- 
spasmus.  Parhon  und  Dumitresco  geben  zu,  daB  Calcium  zwar  eine 
sedative  Wirkung  hat  und  das  Zentralnervensystem,  wenn  es  quanti- 
tativ  entzogen  wird.  iiberempfindlich  macht.  daB  nichtsdestoweniger 
aber  durch  seine  Abnahme  allein  keine  Konvulsionen  hervorgerufen 
werden  konnen.  Pexa  setzte,  nachdem  er  die  elektrische  Erregbarkeit 
an  spasmophilen  Kindern  gepriift  hatte,  einen  Hund  11  Wochen  lang 
auf  kalkfreie  Kost,  bis  er  schwach  und  apathisch  vvurde.  Dabei  blieb 
aber  die  elektrische  Erregbarkeit  seiner  Nerven  normal,  ja  sie  war  im 
Gegensatz  zu  den  Befimden  Quests  eher  herabgesetzt.  Das  Gehirn 
des  Hundes    enthielt    nur    ungefahr   em  Viertel  der  Norm  an  Calcium. 

Reil3  bringt  eine  wichtige  und  genaue  Studie  iiber  die  elektrischen 
Reaktionen  bei  der  Spasmophilie.  in  der  der  EinfluB  der  anorgani.schen 
Substanzen  gepriift  wird.  Er  stellt  fest,  daB  die  Erregbarkeit  fiir  die 
Kathodenoiinung  groBer  ist  als  fiir  die  KathodenschlieBung.  daB  das- 
selbe  gilt  fiir  die  Anodenoffnung  und  AnodenschlieBung.  welch  letztere 
relativ  und  absolut  sinken  konne.  eine  Behauptung,  die  allerdings  nocli 
fraglich  erscheint,  soweit  die  AnodenschlieBung  in  Betracht  kommt. 
Ausgehend  von  der  Beobachtung.  daB  ein  Froschmuskelnierenpraparat 
in  cine  der  beiden  Losungen,  entweder  in  eine  Natrium-  oder  in  eine 
Calciumlosung  gebracht,  seine  Erregbarkeit  verliert,  sie  dagegen  wieder 
gewinnt,  wenn  es  in  die  andere  gebracht  wird,  und  von  anderen  Be- 
obachtungen  iiber  die  antagonistische  Wirkung  der  anorganischen  Sub- 
stanzen konstruiert  er  eine  Formel,  die  das  Verhaltnis  der  einzelnen 
folgendermaBen  zum  Ausdruck  bringt: 


Erregend  Hemmend 


Li  Na  Mg  Ca  NH4  K 
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Daraus  geht  hervor,  dalJ  Calcium  uiid  Magnesium  in  der  Mitte  stehen 
zwischen  hemmend  und  erregend.  Jedoch  steht  das  Calcium  naher  bei 
Ammoniak  und  Kalium.  und  verhalt  sich  gegensatzlich  zu  Lithium  und 
Natrium.  Auf  der  anderen  Seite  ist  es  nicht  moglich.  einen  Muskel, 
der  durch  Eintauchen  in  eine  Ammoniak-  oder  Kaliumlosung  unerreg- 
bar  gemacht  ist,  durch  Eintauchen  in  eine  Kalklosung  wieder  zu  be- 
leben.  Die  Beobachtung.  daB  eine  Abnahme  des  Calciums  im  Korper 
zu  einer  Steigerung  der  Erregbarkeit  fiilirt.  \\  ird  durch  die  Vorstellung 
erklart,  dal3  das  Calcium  einem  Reiter  auf  der  Wage  gleicht,  dessen 
Verschiebung  zu  seinen  Ungunsten  dem  Lithium  und  Natrium  das 
Ubergewicht  gibt. 

ReiB  setzt  auseinander.  daB  es  moglich  ist,  die  Polwirkung  in 
einem  Froschnervenmuskelpraparat  durch  gewisse  Saize  umzukehren, 
und  daB  Calcium  die  Kathode  in  SchlieBung  und  die  Anode  in  Off- 
nung  bevorzugt.  Calcium  wirkt  balanzierend.  Wenn  es  abnimmt,  so  wer- 
den  die  ASZ  und  KOZ  verstarkt  durch  Ammoniak  und  Kalium.  Von 
alien  Kationen  ist  das  Calcium  das  einzige.  da.s  gleichzeitig  die  Erreg- 
barkeit herabsetzt  und  die  Polwirkung  verandert.  und  deshalb  das 
einzige  Salz,  dessen  Abnahme  die  Symptome  der  Tetanie  zur  Folge 
hat.  mit  Steigerung  der  Erregbarkeit  und  der  Begiinstigung  der  KOZ. 
Anodeniiberempfindlichkeit  ist  nicht  erklart  durch  Kalkmangel;  es  ist 
nicht  bekannt.  ob  Anoden-  oder  Kathodeniiberempfindlichkeit  einander 
ausschlieBen,  oder  ob  beide  zusammen  bestehen. 

In  einer  Tabelle  driickt  er  diese  Beziehungen  folgendermaBen  aus: 


Normale  Polwirkung 


Polumkehr 


Li  Xa  Ca  Mg         NH^  K 

I  I 

Calcium,  findet  er,  steigert  die  Fahigkeit  der  Gewebe.  sich  an  elektrische 
Strome  anzupassen  und  relativ  unempfindlich  dagegen  zu  warden  —  ein 
Gegenteil  des  Bechterewschen  Sj^mptoms,  das  besonders  deutlich  wird 
durch  gesteigerte  Empfindlichkeit    der  AOZ    bei    verlangerter    Reizung, 

Diese  Resultate  von  ReiB  scheinen  auBerst  wichtig  in  Verbindung 
mit  dem  Phanomen  der  Tetanie  selbst,  obwohl  sie  kein  Licht  auf  die 
Anderungen  in  der  AOZ  werfen.  Es  ware  wiinschenswert,  daB  sie  zu 
weiteren  Beweisen  und  Bestatigungen  anregten.  Sie  haben  in  ge- 
wisser  Hinsicht  Beziehungen  zu  der  Ansicht  Aschenheims,  der 
ahnliche  Relationen   zwischen   den   anorganischen  Substanzen    feststellt. 

Silvestri  und  Montorsi  nahmen  eine  kritische  Stellung  zu  all 
den  Arbeiten,  die  dem  Calcium  eine  wichtige  RoUe  bei  der  Tetanie  zu- 
schreiben,  und  neigen  in.sbesondere  zu  der  Ansicht,  daB  die  Calcium- 
storung  eine  sekundare  sei.  Nach  ihnen  scheint,  mit  Riicksicht  auf 
die  Arbeit  von  Mac  Callum  und  Voegtlin,  die  Calciumbestimmung 
von  geringem  Werte  zu  sein,  sofern  sie  nicht  iiber  lange  Zeit  hin  an 
einem  Tier  durchgefiihrt  wird,  und  daB  es  unmoglich  ist.  zu  glauben, 
daB  Calcium    solch   eine  RoUe    in   den  Geweben   spielt.    noch    daB  sein 
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einfacher  Ersatz  das  Stoffwechselgleichgewicht  wieder  herstellen  konne; 
—  eher  scheint  es  ilineii  jilausibel,  daC  das  Calcium  auf  die  toxischen 
Produkte  des  intermediiiren  Stoffwechsels  nach  der  Parathyreoidektomie 
wirkt. 

Voegtlin  und  Mac  Callum,  die  die  Frage  noclimals  untersucht 
haben,  gebeii  zu,  daB  die  Bestimmungen  der  Calciumwerte  in  den 
Exkreten  kritisiert  werden  konnen.  halten  aber  an  der  Wichtigkeit  der 
Befunde  einer  Abnahme  der  Calciumwerte  im  Blut  und  Gehirn  von 
tetanischen  Tieren  fest.  Sie  finden.  daB  die  Verabreichung  von  Calcium, 
Strontium  xnid  Jlagnesium  die  elektrische  Erregbarkeit  der  motorischen 
Nerven  beini  nornialen  und  tetanischen  Tier  herabsetzt  bis  zu  solehem 
Grade,  daB  das  wii-ksame  Agens,  das  in  den  Muskeln  Zuckungen  er- 
zeugt,  welcher  Natur  es  audi  immer  sein  mag.  diese  Wirkung  durch 
die  betiiubten  Xerven  hindurch  nicht  mehr  zur  Geltung  zu  bringen 
vermag.  In  diesem  Sinne  haben  Berkeley,  Beebe  u.  a.  festgestellt, 
daB  Calcium,  Strontium.  Magnesium  in  den  gi-oBen  Dosen,  die  prompt 
die  tetanischen  Symptome  beheben,  direkt  auf  die  nervose  Struktur 
wirken  und  sie  unfahig  dazu  machen.  die  Impulse  zu  leiten.  durch  die 
muskulare  Zuckungen  hervorgebracht  werden.  Die  Heilung  der  Tetanie 
durch  Verabreichung  dieser  Substanzen  bringt  damit  kein  Licht  in  das 
Wesen  der  Krankheit.  die  zwar,  doch  auf  die  Entfernung  des  Calciums 
aus  den  Zellen  mit  einem  gewisseu  Recht  bezogen  werden  kann.  Aber 
es  erscheint  praktisch  unmoglich.  das  Calcium  in  solcher  Form  ein- 
zufiihren,  daB  das,  was  aus  den  Zellen  entfernt  wurde,  genau  wieder 
ersetzt  wird,  oline  seine  Grenze  zu  iiberschreiten  und  die  nervose 
Erregbarkeit  abzustumpfen  durcli  eine  exzessive  Wirksamkeit  des 
Calciums. 

Mit  Kalium  und  Natrium  sind  die  Resultate  weniger  bestimmte. 
Kalium  scheint  die  Symptome  der  Tetanie  zu  steigern.  Natriumchlorid 
in  molekularer  Losung  bringt.  in  sehr  groBen  Quantitiiten  eingespritzt, 
die  Symptome  ohne  erhebliche  Herabsetzung  der  elektrischen  Erregbar- 
keit zum  Stehen.  eine  Tatsache,  die  vielleicht  erklart  werden  mag  als 
der  Effekt  einer  extremen  Diurese,  durch  diese  Injektion  bedingt,  da 
ein  ahnliches  Resultat  mit  Glykose  erhalten  wurde. 

Xantliin  und  Ammoniak  vermehren  die  elektrische  Nervenerreg- 
barkeit  nicht  und  konnen  nicht  als  aktix'e  Faktoren  bei  der  Erzeugung 
der  Tetanie  angesehen  werden.  Mac  Callum  und  Voegtlin  wieder 
holen  ihre  friihere  vSchluBfolgerung,  daB  die  S,ymptome  durch  irgend 
eine  giftige  Substanz  hervorgerufen  zu  werden  scheinen.  die  im  Blute 
kreist   und  die  sich  darin  iiuBert,  daB  sie  den  Geweben  Kalk  entzieht. 

Die  theraf)eutische  Darreichung  von  Calciumsalzen  bei  der  Tetanie 
erweckte  das  allgemeine  Interesse,  wenn  audi  die  Resultate  in  der 
Hand  der  verschiedenen  Kliniker  nicht  eindeutig  waren.  Netter  be- 
riehtete  1907  iiber  gute  Resultate  bei  der  infantilen  Tetanie  nach 
Calciummedikation.  Arthus  und  Schaferma-nn  gelang  es.  das  Leben 
von  Kaninchen  durch  Calciumchlorid  zu  verlangern.  Curschmann 
sah  von  Calciumlactat  giinstige  Beeinflussung  der  Tetanie,  und  iihnliche 
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Erfahrungen  machte  Kinnicutt  in  einem  Falle  vou  gastrischer  Tetanie, 
die  allerdiiigs  trotzdem  todlich  endete.  Frouin,  der  die  Tetanie  atio- 
logisch  der  Gegcnwart  von  Carbaminsaure  im  Blute  zuschrielj,  fand. 
daC  Calcium  die  Wirisung  dieser  Saure  neutralisierte.  Jovane  und 
Vaglio,  die  zwar  die  Theorie  der  Calciumverarmung  in  ihrer  atio- 
logischeii  Bedeutung  fiir  die  Tetanie  kritisierten  und  auf  die  Unstimmig- 
keit  der  verschiedenen  Untersucliungen  liinwiesen,  fanden,  daB  die  durcli 
die  Parathyreoidektomie  gesteigerte  elektrische  Erregbarkeit  sowohl 
durch  Calcium  als  Magnesium  herabgesetzt  werden  konnte.  Fait  a  und 
Kahn  erreiciien  eine  solche  Herabsetzung  der  Erregbarkeit  nicht,  vvenn 
sie  iliren  Patienten  das  Calcium  per  os  verabreichten. 

So  fehlt  e.s  audi  nicht  an  Unstimmigkeit  iiber  den  Eflfekt  des 
Calciums,  wenngleich  alle,  die  die  experimentelle  Tetanie  studieren.  zu- 
geben,  daS  die  Injektion  von  Calciumsalzen  einen  prompten  Stillstand 
der  Symptome  bewirkt.  Vielleicht  ist  die  Verschiedenheit  der  Art  der 
Darreichung  schuld.  vielleicht  audi  liegt  der  C>rund  in  einer  Verschieden- 
heit des  Zustandekommens  der  Tetanie  bei  der  infantilen  Spasmophilie 
und  der  gastrischen  Form  der  Tetanie. 

Morel  unterscheidet  scliarf  zwischen  der  Tetanie  als  auBerlichem 
Symptom  und  der  Kachexie,  die  die  AuBerung  einer  Vergiftung  und 
ihr  wesentlidies  Symptom  ist.  Die  Calciumverarmung  halt  er  fiir  zu 
unbedeutend.  als  daB  sie  imstande  ware,  solche  Resultate  zu  maclien, 
insbesondere  wenn  wir  die  auBerste  Calciumverarmung  bedenken  beim 
Diabetes,  wo  sie  zu  keinen  Spasmen  fiihrt.  Vielmehr  scheinen  die 
Symptome  die  Wirkung  einer  Art  von  Acidosis  zu  sein.  Ferner  findet 
er,  daB  traumatische  Verletzung  von  Knoclien  zwar  die  Tetanie  auf- 
hebt  oder  sie  verhiitet,  ohne  Riicksicht  auf  ihre  Art  oder  Intensitat, 
daB  aber  diese  Unterdriickung  der  Tetanie  in  keiner  Weise  die  son- 
stigen  Effekte  der  Paratjiyreoidektomie  beeinfluBt,  sondern  sie  in  ihrer 
ganzen  Schwere  bestehen  liiBt.  so  daB  das  Tier  unter  Kachexie  und 
groBem  Gewichtsverlust  nacli  10  Tagen  zugrunde  geht.  Er  sieht  die 
Wirkung  der  Parathyreoidektomie  als  eine  Autointoxikation  an,  deren 
gewohnlidistes  Symptom,  obgleich  nur  nebensachlich,  die  Tetanie  i.st. 

Vielleicht  der  eifrigste  Verteidiger  von  der  Lehre  der  Abhangigkeit 
der  Veranderungen  bei  Tetanie  von  Alterationen  im  Calciumstoffvvechsel 
ist  Erdheim,  dessen  so  bewundernswerte  Arbeit  iiber  chronische 
Tetanie  wohl  allbekannt  sein  diirfte.  Er  zeigt  in  zweifelsfreien  Unter- 
euchungen.  daB  die  Exstirpation  der  Xebenschilddriisen  auBerordent- 
liche  trophische  Storungen  niit  sich  bringt,  die  die  epidermalen  Ge- 
websbildungen  affizieren  und  ebenso  die  Knochen  in  ihrem  V^erkal- 
kungsprozeB  storen.  Hauptsiichlich  diesem  letzteren  war  seine  Auf- 
merksamkeit  zugewandt.  Die  Exstirpation  der  Nebenschilddriisen  liefert 
einen  morj)hologischen  Beweis  fiir  die  Storung  des  Kalkstoffwechsels, 
indem  namlidi  an  den  im  Wachstum  befindlichen  Schneidezahnen  von 
Ratten  das  Dentin  nicht  mehr  verkalkt  wird  und  die  Zahne  briichig 
werden.  Fleischmann  macht  dieselbe  Beobachtung  bei  der  Rachitis 
und  der  chronischeii  Tetanie. 

Ergebnisse  XI.  3g 
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Nach  der  Parathyreoidektomie  geht  die  Knochenbildung  nur  lang- 
sam  und  unvollkoinmen  vor  sioh.  Das  neugebildete  Gewebe  ist  ein 
osteoides  ohne  Verkalkung  und  kein  echter  Knochen.  Der  Abbau  ge- 
schieht  relativ  langsam.  wobei  dann  Reste  der  Rinde  durch  osteoides 
Gewebe  eingeschlossen  werden.  Bei  der  Heilung  von  Frakturen,  bei 
denen  normaler\ieise  die  Knochenenden  provisorisch  durch  einen  un- 
vollstandig  verkalkten  Knochencallus  verbunden  sind.  gelten  andere 
Verhaltnisse  fiir  die  Tetanic.  Hier  bleiben  die  Knochenenden  durch 
einen  Knorpelcallus  weit  getrennt.  wiihrend  der  neue  Callus  schlieBlich 
durch  osteoides  Gewebe,  das  beinahe  kalkfrei  bleibt,  gebildet  wird. 
Sehr  schon  sind  die  Versuche  Erd helms,  in  denen  er  zeigt,  wie  eng 
die  Verknocherung  mit  der  Gegenwart  der  Nebenschilddriisen  verbunden 
ist.  Werden  an  der  Ratte  die  Nebenschilddriisen  entfernt  und  dann 
nach  einer  gewissen  Zeit  temporiir  implantiert  und  dann  wieder  ent- 
fernt, nachdem  sie  mit  Erfolg  eingeheilt  waren.  so  zeigen  die  im  Wachs- 
tum  befindlichen  Schneidezahne  eigentiimliche  Zonen  von  nicht  calci- 
iSziertem  Gewebe.  das  der  Zeit  entspricht.  wiihrend  deren  die  Neben- 
schilddriisen ungeniigend  funktionierten.  zuniichst  als  sie  noch  nicht 
eingeheilt  und  noch  nicht  tatig  waren,  und  nach  der  zweiten  Exstir- 
pation  der  Driisen. 

Nach  solchen  Experimenten  ist  es  schwierig,  die  Annahme  zu  um- 
gehen,  daB  die  Nebenschilddriisen  etwas  mit  dem  Kalkstotl'wechsel  zu 
tun  haben.  Toyofuku  bestatigt  und  beschreibt  ausfiihrlich  die  Ver- 
anderung  am  Dentin,  die  Erdheim  gefunden  hat.  Morel  meint.  daU 
die  Parathyreoidektomie  an  erwaehsenen  Tieren  die  Heilung  von 
Knochenbriichen  nicht  hintanhalt.  wenn  sie  das  auch  an  jungen  Tieren 
in  exquisiter  Weise  tue. 

Aus  all  diesen  ziemlich  ^^•idersp^echenden  Befunden  geht  hervor. 
daB  das  letzte  Wort  iiber  die  RoUe  des  Calciums  und  der  andein  an- 
organischen  Substanzen  bei  der  Tetanic  noch  nicht  gesprochen  ist. 
Das  meiste  spricht  doch  fiir  die  Ansicht.  daB  die  Storung  letzten 
Endes  bedingt  ist,  durch  die  Kalkverarmung  der  Gewebe.  und  die 
mannigfachen  Fragmente  bilden  zusammen  eine  verloekende  Theorie.  der 
in  der  Tat  keine  unbestreitbaren  Argumente  gegeniibergestellt  werden 
konnen.  Allerdings  liegt  auch  manche  Beobachtung  vor.  die  diese 
Theorie  nicht  stiitzt;  die  Tatsachen  mogen  immerhin  noch  andere 
Deutungen  zulassen.  Selbst  theoretisch  ist  es  schwierig,  die  Resultate 
priizis  zu  skizzieren.  die  die  Probe  auf  eine  solche  Theorie  liefern  und 
die  Beweiskrnft  so  geringfiigiger  Veranderungen  in  den  Calciumverhiilt- 
nissen  ist  fraglich  infolge  der  komplexen  Natur  der  Bedingungen.  unter 
denen  das  Calcium  normalerweise  im  Korjjer  vorkommt. 

Wenn  wir  in  der  Lage  waren,  die  Aufnahme  des  Kalks  durch 
den  Verdauungskanal  zu  verfolgen  und  zu  zeigen.  daB  die  Gesamtaus- 
fuhr  durch  den  Urin  und  Stuhl  wiihrend  liingerer  Beoliachtuiig  vermehrt 
wilre,  so  konnten  v\ir  schJieBen.  daB  das  Calcium  tatsiichlich  aus  den 
Geweben  stammt.  Reichlich  wird  der  Kalk  der  Nahi-ung  durch  die 
Faeces  ausgeschieden.  ohne   jemals  re.sorbiert  worden  zu  sein.      Da  die 
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Ausscheidung  notorisch  unregelmaBig  ist,  so  luiissen  lange  Perioden 
untersuehti  werden.  Wenn.  um  das  zu  vermeiden.  iiberhaupt  kein 
Futter  gegeben  wird.  so  wird  die  Ausscheidung  des  Kalks  moglicherweise 
durch  den  Hungerzustand  verandert.  wiewohl  wir  offenbar  unter  solchen 
Bedingungen  eine  iiuBerst   regelmiiBige  Calciumexlvietion  erhalten. 

Im  Skelett  haben  wir  einen  groBen  Vorrat  von  Kalk,  der  ohne 
Zweifel  im  Falle  der  Xot  verfiigbar  wird,  so  daB  das  Calcium  der 
Exkrete  aus  dem  unveranderten  Nahrungskalk,  dem  Kalkvorrat  in 
den  Knochen  und  in  anderen  Geweben  und  dem  resorbierten,  im  Blute 
kreisenden  stammt. 

Zu  einer  Steigerung  der  Ausscheidung  gehort  eine  rasche  Ab- 
fiihrung  nach  Darm  und  Niere  —  oder  eine  Steigerung  in  den  zirku- 
Uerenden  Fliissigkeiten.  Es  ist  verstiindlich.  daB  wenigstens  eine  Zeit- 
lang,  im  Laufe  einer  gesteigerten  Ausfuhr.  das  Blut  weniger  Kalk  als 
normal  im  einen  Falle.  mehr  als  normal  im  anderen  Falle  enthalt. 
Man  kanii  nicht  sagen.  wie  lange  die  Knochen  und  anderen  Gewebe 
die  Calciumausscheidung  unterhalten  konnen.  Aber  es  scheint  doch 
unvermeidlich.  daB  eine  Zeit  kommt,  zu  der  Blut  und  Gewebe  ver- 
armt  sein  miissea.  und  nach  der  es  dann  schwerlich  mehr  moglich  ist, 
daB  die  Ausscheidung  die  Norm  iibersteigt.  Entsprechend  also  dem 
Stadium,  in  dem  sich  die  Kalkauslaugung  der  Gewebe  befindet.  hatten 
wir  vermehrte  Ausscheidung,  verbunden  mit  exzessivem  oder  subnormalem 
Kalkgehalt  des  Blutes.  Dann  ist  es  begreiflich,  daB  eine  solche  Er- 
schopfung  eintritt.  daB  auch  bei  leichter  Entfernung  des  Kalkes  aus 
dem  Blute  seine  Kalkkonzentration  so  niedrig  wird,  daB  die  Aus- 
scheidung verringert  ist.  Das  alles  muB  abhangen  von  zwei  Faktoren: 
der  Geschwindigkeit,  mit  der  das  Calcium  aus  den  Geweben  entfernt 
wird,  und  der  Geschwindigkeit.  mit  der  es  in  Darminhalt  und  Urin 
ausgeschieden  wird. 

Aber  ein  anderer  Faktor  muB  bei  dieser  Hypothese  noch  beriick- 
sichtigt  \^erden.  Das  Calcium  wird  nicht  wirklich  entfernt,  sondern 
so  gebunden,  daB  es  fiir  die  Gewebe  unbrauchbar  geworden  ist.  Es 
ist  begreiflich,  daB  es  durch  eine  Bindung  aus  der  Reihe  der  ,,aktiven" 
Calciumverbindungen  ausscheiden  und  fiir  die  Gewebe  nutzlos  werden 
kann.  Dann  mogen  unsere  groben  chemischen  Methoden  der  Calcium- 
dar.stellung  durch  Veraschung  usw.  einen  UberfluB  an  Calcium  im  Ge- 
liirn  ergeben.  wahrend  es  tatsachlich  nur  in  einer  unloslichen  Form 
vorhanden  ist.  die  seine  normale  vitale  Rolle  verandert  hat.  Man  kann 
das  alles  ganz  einfach  veranschauUchen :  wir  stellen  das  den  Geweben 
verfiigbare  Calcium  durch  eine  gefarbte  Losung  dar  und  haben  es  in 
2  Flaschen.  die  Knochen  und  Gewebe  darsteUen  .sollen;  aus  diesen 
fiihren  Rohren.  die  mit  Stopfen  und  Hahnen  versehen  sind,  zu  einer 
gemeinsamen  Rohre.  Eine  andere  Flasche  enthiilt  klares  Wasser  und 
moge  in  diese  Rohre  fiihren.  die  keinen  Stopfen  mit  Hahn  besitzt. 
Ein  anderer  Hahn  am  Boden  der  Rohre  stellt  den  Weg  der  Aus- 
scheidung vor.  Wird  dieser  letzte  Hahn  weit  geofinet,  so  wird  klares 
Wasser  ablaufen.     Wenn    einer   der    oberen  Hahne    offen    ist.    so   wird 
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sich  das  Wasser  fiirben.  Je  weiter  der  untere  Hahn  geoffnet  ist,  desto 
heller  wird  die  Farbe  des  Ablaufs  sein  (entsprechend  der  Abnahme  der 
Konzentration  des  Calciums  im  Blut  mit  dem  Ansteigen  der  Aus-  I- 
scheidung).  Ist  der  Hahn  beinahe  geschlossen.  so  wird  der  Ablauf 
stark  gefarbt  sein,  solange  in  den  oberen  GefaBen  noch  Farblosung 
enthalten  ist.  Nun  soil  dieser  untere  Hahn  seitlich  angebracht  sein. 
die  Rohre  moge  sich  nach  oben  fortsetzen  und  zuriickfiihren  und  die 
leicht  gefarbte  Fliissigkeit  durch  die  GefaBe  dariiber  durchwaschen; 
ein  Teil  der  Farbe  wird  zuriickko'mmen,  der  groBere  Teil  aber  aus-  j 
gewaschen  werden.  Die  Verhaltnisse  werden  noch  komplizierter,  wenn 
die  Farbe  z.  B.  durch  Kaliumpermanganat  dargestellt  wird  und  wenn 
zum  klaren  Wasser  ein  Zusatz  von  Oxalsaure  kommt.  Dann  haben 
wir  in  Zirkulation  etwas  von  der  Farbe  (aktives  Calcium),  und  etwas 
von  demselben  Material,  das  wegen  seiner  neuen  Verbindung  farblos 
ist.  Ob  \^ir  zu  einer  genauen  Schiitzung  iiber  den  Inhalt  eines  der  oberen 
GefaBe  gelangen  konnen  aus  der  Bestimmung  des  gesamten  gefarbten 
Materials,  das  durch  den  seitlichen  Hahn  zum  Boden  flieBt,  oder  aber 
aus  dem  Gehalt  der  zirkulierenden  Fliissigkeit,  das  ist  schwer  zu  sagen. 
Dem  Referenten  erscheint  es  kliiger,  im  gegegebenen  Falle  der  Tetanie 
zu  entscheiden.  was  die  Oxalsaure  unseres  Modells  vorstellt. 

Wechselwirkung  der  Organe  mit  innerer  Sekretioii. 

Es  wiirde  zu  weit  fiihren,  die  ganze  Frage  der  funktionellen  Be- 
ziehungen  zwischen  verschiedenen  Organen  mit  innerer  Sekretion  zu 
diskutieren.  Unsere  Kenntnisse  sind  so  sparlich  hinsichtlich  fast  all 
dieser  Organe.  dafi  wir  zu  den  unsichersten  Schliissen  iiber  ihre  Funktion 
gezwungen  sind.  Es  ist  sehr  moglich,  daB  Veninderungen,  die  wir  auf 
ihre  Tatigkeit  oder  das  Fehlen  soldier  Tiitigkeit  beziehen,  in  Wirklich- 
keit  von  etwas  anderem  abhangen,  oder  daB  der  Mechanismus,  mittels 
dessen  sie  aufeinander  reagieren.  sehr  verschieden  von  dem  ist,  den 
wir  voraussetzen.  Der  Ausdruck  ..Hormon''  ist  viel  gebraucht  worden 
und  gemiBbraucht  in  dem  Bestreben,  eben  die  Art  und  Weise  zu  be- 
zeichnen.  wie  Veranderungen  in  der  Tatigkeit  eines  Organs  abhangen 
von  der  Tatigkeit  anderer.  Es  ist  so  einfacli,  anzunehmen,  daB  ein 
Organ  in  seiner  Funktion  eine  chemische  Substanz  produziert,  die  in 
die  Blutbahn  iibergeht  und  die  Tatigkeit  eines  anderen  weckt,  daB  dieses 
Schlagwort  dazu  dient,  den  kompliziertesten  ProzeB  zu  erklaren.  Tat- 
sachlich  kennen  wir  iiur  sehr  wenig  von  dem  \\'ahren  Wesen  oder  auch 
nur  von  der  Existenz  dieser  Substanzen,  und  die  Bevveise,  die  fiir  diej 
Existenz  der  ersteren  erbracht  waren.  sind  in  der  neuen  Arbeit  von 
Frank  erschiittert  worden.  Nichtsde.stoweniger  bleibt  das  Plianomen 
bestehen.  die  Vorstellung  ,,Hormon"  ist  vieUeicht  so  gut  wie  jede  andereJ 
vorausgesetzt,  daB  wir  darin  nur  eine  Arbeitshypothese  erblicken.  Etwi 
in  diesem  Sinne  haben  Falta,  Epjjinger  und  Rudinger,  CarOj 
Balint  und  Molnar,  Guleke  und  andere  das  merkwiirdige  Gleich-j 
gewicht    zu    erklaren    versucht.    das    im  Korper    offenbar  herrscht,  und 
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(hi^  Versagen  der  Fimktion,  das  sich  bei  einer  Storung  dieses  Gleich- 
pewichts  einstellt.  Dieses  gauze  Gebiet  hat  seine  Darsteller  gefunden 
111  id  ist  so  bekannt,  daB  nur  der  Teil.  der  sich  auf  das  Fehlen  der 
Xiliensehilddriisenfunktion  bezieht.  hier  Erwahnung  finden  soil.  In 
iliier  eisten  Arbeit  haben  Eppinger.  Falta  und  Rudinger  eine 
riieorie  aufgesteUt,  die  auf  zahlreichen  Experimenten  basiert.  und  auch 
weiterhin  durch  Experimente  belegt.  Diese  Theorie  gipfelt  in  dera 
Satze,  da(3  zwischen  der  Scliilddriise  und  Pankreas  und  zwischen  Pan- 
kreas  und  chromaffinera  System  ein  intensiver  Antagonismus  herrscht, 
wiihrend  f^'childdriise  und  chromaffines  System  gegenseitig  ihre  Tatig- 
keit  fordern.  Dies  fanden  sie  so  eng  an  die  Innervation  dieser  Or- 
gans gekniipft,  daB  sie  glaubten,  sie  konnten  zwischen  autonomem 
und  sympathischem  Xervensystem  den  namlichen  Antagonismus  fest- 
stellen.  soweit  sie  die  Prozesse  der  inneren  Sekretion  zu  kontroUieren 
hatten.  etwa  so,  wie  das  der  Fall  ist  bei  den  Driisen  mit  Ausfiihrungs- 
gangen.  Diese  These  stiitzte  sich  auf  Experimente  an  diesen  Driisen, 
angesteUt  mit  Hilfe  von  Mitteln.  deren  lahmende  oder  reizende  Wirkung 
auf  die  Xervenendigungen  bekannt  war.  Seit  der  Zeit  sind  auch  die 
Xebenschilddriisen  mit  hinein  in  den  Kreis  von  Beziehungen  gezogen 
worden.  Jene  Autoren  hielten  es  fiir  moglich,  auch  auf  sie  und  ihre 
Funktion  diese  Vorstellung  auszudehnen. 

C'aro  findet.  daB  das  Serum  bei  einem  Tiere,  das  eine  Schild- 
driisenextrakteinspritzung  erhalt,  einen  UberschuB  an  Adrenalin  auf- 
weist,  wiihrend  ein  Antagonismus  zwischen  Xebennieren  und  den  Ge- 
schlechtsdriisen  besteht.  Er  stellt  eine  Formel  auf  mit  Riicksicht  auf 
alle  diese  Organe,  die  sie  in  zwei  Gruppen  scheidet :  der  ersten  gehoren 
die  Organe  an.  die  die  Tatigkeit  des  sympathisehen  Systems  beeinfiussen, 
die  Schilddriise,  das  chromaffine  System  und  die  Hypof)h3-se.  In  der 
zweiten  Gruppe,  den  Antagonisten  des  sympathisehen  Systems,  befinden 
sich  Pankreas.  Xebenschilddriisen  und  Ovacien.  Die  erstere  vermehrt 
den  HungereiweiBzerfall,  mobilisiert  Kohlehydrate,  erhoht  den  Fettstoff- 
wechsel,  Wasser-  und  Salzwechsel,  und  erhoht  die  galvanische  Erreg- 
barkeit  der  Xerven.  Pankreas  und  Xebenschilddriise  haben  in  jeder 
dieser  Beziehungen  eine  heramende  Wirkung;  das  gilt  auch  in  manchen 
Fallen  vom  Ovarium.  Balint  und  Molnar  kommen  zu  ahnlichen  Re- 
sultaten  und  finden.  daB  Schilddriisenextrakt  die  mydriatische  Wirkung 
des  Adrenahns  vermehrt.  das  Pankreas  dagegen  sie  hemmt.  Im  iibrigen 
betreffen  ihre  Beobachtungen  die  antagonistische  Tatigkeit  des  Adrenalins 
und  der  Schilddriise  zur  Strychninvergiftung.  wahrend  Pankreasextrakt 
dieselbe  verstark-t.  und  kommen  zum  SchluB.  daB  es  sich  hierbei  um 
eine  vasokonstriktorische  Wirkung  handelt. 

Falta  und  Rudinger  finden  bei  ihren  Untersuchungen  iiber 
Arbeitertetanie,  daB  das  Adrenalin  erheblich  den  Blutdruck  steigert, 
und  erklaren  das  damit,  daB  die  Xebenschilddi-iisen  gewohnhch  die 
sympathisehen  Einwirkungen  hemmen,  und  daB  bei  ihrer  Insuffizienz 
diese  Hemmung  fortfallt.  In  ihrem  Referat  auf  dem  26.  KongreB  fiir 
innere  Medizin  stellen  sie  fest.   daB.    wahrend  die  Tetanic  zum  Teil    in 
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der  Ubererregbarkeit  des  motorischen  und  sensiblen  peripheren  Neu 
rons  besteht,  ebenso  Storungeii  im  Kohlehydratstoffwechsel  eintreten. 
Bei  Tieren  ruft  Adrenalin  keine  Glykosurie  hervor,  die  Assimilations- 
grenze  ist  nicht  herabgesetzt.  Bei  der  Tetanie  dagegen  ruft  Adrenalin 
Gl_ykosurie  hervor,  audi  wenn  die  Schilddriise  mitentfernt  ist.  und  es 
besteht  alimentare  Glykosurie.  Die  Aufgabe  der  Nebenschilddriise  ist 
es  gewohnlich.  das  Pankreas  zu  unterstiitzen  und  die  Wirkung  des 
chromaffiuen  Systems  zu  hemmen.  so  daI3  deren  Zerstorung  die  Kohle- 
hydratmobilisierung  steigert.  Sie  halten  es  auch  fiir  moglioh.  daB  eine 
Verbindung  zwischen  der  t)bererregbarkeit  der  sympathischen  und  cere- 
brospinalen  Nerven  durch  Vermittelung  des  chromaffinen  Systems  be- 
steht. da  diese  Erregbarkeit  duich  Adrenalin  gesteigert  werden  kann. 
An  myxodematosen  Hunden  nimmt  die  galvanisehe  Erregbarkeit  des- 
halb  ab.  weil  der  Verlust  der  fordernden  Eigenschaften  der  Schild- 
driisen  zu  einer  verminderten  Tatigkeit  des  chromaffinen  Systems  fiihrt. 
und  diese  zu  einer  relativen   Cberfunktion  der  Nebenschilddriisen. 

So  wird  es  wahrscheinlieh,  daB  normalerweise  die  Nebenschild- 
driisen auf  das  sympathische  System  hemmend  wirken,  wie  sie  das  fiir 
den  StofEweehsel  tun,  so  daB  nach  ihrer  Zerstorung  ein  t)bererregungs- 
zustand  in  den  peripheren  motorischen  und  sensiblen  Neuronen  Platz 
greift,  der  sich  in  tetanischen  Spasmen  iiuBert.  Falta  und  Kahn 
geben  Versuche  an  zur  Demonstration  der  gesteigerten  Tatigkeit  des 
AdrenaUns  bei  der  Tetanie  und  glauben,  daB  es  sich  dabei  um  die  ge- 
steigerte  Erregbarkeit  der  Myoneuralbriicke  sympathicotropen  Reizen 
gegeniiber  handelt.  Guleke  auf  der  anderen  Seite  findet,  daB  Ex- 
stirpation  der  Nebennieren  die  Tetanie  zum  Stillstand  bringt,  die  von 
der  Exstirpation  der  Nebenschilddriisen  mit  den  Schilddriisen  herriihrt. 
Werden  die  Nebenschilddriisen  allein  entfernt,  so  bringt  die  Zerstorung  der 
Nebennieren  keine  Anderung  hervor.  Er  schlieBt  daraus  auf  einen  Anta- 
gonismus  zwischen  Nebenschilddriise  und  Schilddriise,  gleich  dem  zwischen 
Nebenschilddriise  und  chromafHnem  Sj'stem,  in  dem  die  erstere  hemmend. 
die  letztere  erregend  auf  das  sympathische  System  wirkt.  Er  erdenkt  ein 
neues  Schema,  um  diese  Korrelation  folgendermaBen  darzustellen : 

Th 

,/\  Th  Thvreoidea 

P  Pankreas 
Ek  CS  Chromaffines  System 


\         ' 

\  Ek  Epithelkorperchen 


:  Nebenschilddriisen 


CS 


in  dem  nebeneinander  die  antagonistischen  Organs,  gegeniiber  die  sich 
verstarkenden  Organe  liegen. 

Falta  und  seine  Mitarbeiter  haben  so  eine  hochst  anziehende 
Arbeitshypothese  aufgestellt,  die  den  neuen  Tatsachen  besonders  gut 
angepaBt  ist,  und  die.  wie  sie  sagen,  neuen  Untcrsuchungen  den  Weg 
zu  zeigen  vermag.  Es  ist  unmoglich,  eine  der  Erklarungen.  die  fiir 
diese  Beobachtungen  in  all   ihrer  Kompliziertheit  gegeben  wurden.   ab- 
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zuleugnen,  trotzdem  man  nur  sehr  vage  dariiber  orientiert  ist,  was 
Hemmung.  was  Fordcrung  eigentlich  bedeuten.  Wenn  der  Verlust  der 
Funktion  der  Schilddriise  die  galvanisclie  Erregbarkeit  herabsetzt,  so 
miissen  wir  dann  sehliefJen.  dafi  die  Ursache  die  ist,  daB  der  Verlust 
der  Schilddriise  die  hypothetische  Forderung  des  chromaffinen  Systems 
beseitigt?  Und  wemi  wir  zugeben,  daC  das  chromaffine  System  nur 
schwach  wirksam  ist,  soil  das  besagen,  daB  weniger  Adrenalin  als  sonst 
gebildet  wird?  Wenn  ja,  bedeutet  das  eine  relative  Uberfunktion  der 
Nebenschilddriisen  ?  Und  bewiese  das,  daB  normalerweise  die  Neben- 
schilddriisen  das  sympathische  System  hemmen?  Folgt  daraus,  daB  sie 
normalerweise  die  Tatigkeit  der  motorischen  Nerven  hemmen?  So  viele 
dieser  Annahmen  erforderten  einen  befriedigenderen  Beweis,  als  er  allein 
durch  die  Beobachtuiig  gegeben  ist.  daB  nacli  der  Zerstorung  einer  Driise 
gewisse  angenommene  Funktionen  einer  anderen  in  Erscheinung  treten.  So 
z.  B.  die  wechselseitige  Forderung  zwischen  Schilddriise  und  Nebennieren. 

Xach  dem  Wegfall  der  Schilddriise  ist  es  schwierig,  durch  Ein- 
fiihrung  von  Zueker.  durch  Atlier  oder  durch  Adrenalininjektionen  eine 
Glykosurie  zu  erhalten.  und  deshall)  nimmt  man  von  der  Schilddi-iise 
an.  daB  durch  sie  die  Funktion  der  Nebennieren  gefordert  bzw.  durch 
ihren  Wegfall  vermindert  wird,  d.  h.  daB  weniger  Adrenalin  produziert 
wird.  Umgekehrt  kann  die  Einspritzung  von  Schilddriisenextrakt  die 
Entstehung  einer  Glykosurie  begiinstigen.  und  deshalb  glaubt  man  die 
Funktion  der  Xebenniere  und  damit  die  Produktion  des  Adrenalins 
angereizt  zu  haben.     Aber  stimmt  das  aUes? 

Die  Glykosurie  muB  in  Eolchem  Falle  abhjingen  von  dem  Grad  der 
Hyperglykamie,  die  resultiert,  wenn  die  Glykolyse  beeintrachtigt  ist.  Es 
sollte  moglich  sein,  das  nachzuwei.'en  mit  Hilfe  der  Cohnheimschen 
Methode  des  Xachweises  der  Glykolyse  durch  Vermischen  von  Pankreas- 
extrakt.  Muskelsaft  und  Zueker.  King  findet,  daB  die  Beimengung 
von  Schilddriisen.saft  die  Glykolyse  hemmt  und  den  Zueker  in  Losung 
erhalt.  Ist  es  deshalb  nicht  plausibler.  diese  wechselseitige  Forderung 
zwischen  Schilddriise  und  chromaffinem  System  als  viel  besser  erklart 
zu  betrachten  durch  die  Vor.stellung.  daB  das  Adrenalin  den  Zueker 
mobilisiert;  weiterhin,  daB  entsprechend  der  Menge  von  Schilddriisen- 
extrakt, die  mit  der  Cohnheimschen  Mischung  von  Zueker  und  Pan- 
kreassaft  im  Muskel  zusammentrifft,  mehr  oder  weniger  Glykolyse  eintritt? 
Mit  anderen  Worten.  die  innere  Sekretion  des  Pankreas  wirkt  wie  ein 
Katalysator;  die  Schilddriisensekretion  interferiert  mehr  oder  weniger 
mit  ilir.  wie  die  Blausaure  mit  anderen  Katalasen  tut. 

Diese  Idee  wurde  durch  Mac  Galium  mit  Riicksicht  auf  die  innere 
Sekretion  des  Pankreas  folgendermaBen  ausgedriickt:  es  scheint  walu-- 
scheinlicher.  daB  das  chromaffine  System  nichts  mit  der  Tatigkeit  des 
Pankreas.  sondern  etwas  mit  der  Mobilisierung  des  Zuckers  zu  tun  hat; 
daB  ebenso  das  Pankreas  nicht  mit  der  Hemmung  der  Wirkung  der  Neben- 
nieren beschaftigt  ist.  sondern  damit,  die  Glykolyse  des  freien  Zuckers  zu 
bewerkstelligen.  wahrend  die  Schilddriisensekretion,  wenn  sie  im  UbermaB 
stattfindet.  die  glykolytische  Tatigkeit  des  Pankreasferments  stort. 
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Keiner  dieser  Einwande  soil  das  Gewicht  der  Faltaschen  Befunde 
licrabsetzen  den  Tatsaehen  gegeniiber,  die  eine  Erklarung  crheischen, 
sondern  bloB  eine  einfachere  Erklarung  vorschlagen:  die  Sekretionen 
dieser  verschiedenen  Driisen  heeinflussen  sicli  gegenseitig  chemiseh  in 
der  Miscliung.  in  der  sie  ihre  Wirkungen  ofifenbaren.  eher  als  daB  sie 
auf  anderem  Wege  die  funktionierende  Tatigkeit  der  andern  Organe 
beeinflussen.  Demgegeniiber  ermuntert  der  isolierte  Befund  Caros, 
daB  das  Serum  von  Tieren.  die  mit  .Schilddriisenextrakt  behandelt  sind. 
einen  UberschuB  an  Adrenalin  zeigt.  zu  aussichtsreichen  Versuchen  in 
Verbindung  mit   alien  anderen  Organen. 

Patliologische  Anatomic  der  Tetanic. 

Pathologisch-anatomische  Untersuchungen  bei  der  Tetanie  liaben  so 
diirftige  und  unsiehere  Befunde  ergeben.  daB  sie  gut  in  Verbindung 
mit  den  einzelnen  Krankheitstypen  gebracht  werden  konnen. 

Bei  der  experimentellen  Tetanie  nach  der  Parathvreoidektomie 
^^urden  einige  Veriinderungen  in  den  Organen  bcschrieben.  Diejenigen 
am  Zentralnervensystcm  sind  unbedeutend  oder  wenigstens  kaum  mit 
unseren  histologischen  Methoden  dargestellt  worden.  Gozzi  fand  an 
Hunden  nach  Parathyreoidektomie  regelmaBig  schwere  Veranderungen 
in  der  Leber,  die  im  Verliiiltnis  zu  der  Schwere  und  Haufigkeit  der 
tetanischen  Symptome  standen  und  Capillaren  sowohl  als  Leberzellen 
betrafen.  Alquier  und  Theveny  beobachten  ebenso  Liisionen  in 
Leber  und  Niere  wie  auch  Capobianco  und  Mazziotti,  die  fest- 
stellen,  daB  die  allgemeinsten  Veranderungen  in  den  Nieren  Hamorrhagien 
in  die  Glomeruli  sind,  i^nhaufung  von  Lymphocyten  und  Leukocyten 
zwischen  den  Tubuli  mit  hyalinen  und  granulierten  Zyliiidern  in  ihren 
Lumina.  Das  Epithel  der  Tubuli  ist  wie  bei  Vergiftungen  degeneriert. 
Massaglia  beobachtete  Schadigungen  der  Niere,  die  Albuminurie 
machten,  und  Nazari  fand  in  Fallen  von  gastrischer  Tetanie  eine 
scltsame  Verkalkung  der  Tubuli  contorti.  Die  meisten  Beobachter 
fanden  keine  besonderen  Alterationen  in  den  Organen  bei  der  experi- 
mentellen oder  spontanen  Tetanie  mit  Ausnahme  der  Falle  von  in- 
fantiler  Tetanie. 

Ausbreitung-  der  Tetanie. 

Sehr  wenig  ist  seit  der  Monographie  Rudingers  1909  hinzu- 
gekommen  zu  unserer  Kenntnis  der  allgemeinen  Pathologie  der  Te- 
tanie. Einige  Arbeiten,  die  die  Entwicklung  der  Tetanie  an  mehreren 
Familiengliedern  betreffen,  miissen  doch  berichtet  werden.  Ascenzi 
berichtete  von  einer  Familie  mit  5  Kindern,  von  denen  2  ausgepragte 
Tetanie  zeigten.  1  Ejjilepsie,  1  Laryngospasmus.  und  alle  eine  Ver- 
zogerung  in  der  Entwicklung.  Coler  kannte  2  Schwestern,  beide  schmal 
und  schwach.  von  denen  eine  an  Rachitis,  die  andere  an  den  ver- 
schiedensten  fieberhaften  Krankheiten  litt.  Beide  boten  alle  Zeichen 
und    Symptome    der    Tetanie    mit    schweren    Aufallen    von    spastischen 
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Krampfen.  Calcium  lacticum  blieb  ohne  Effekt.  Schiffer  gibt  einea 
aiisfiilirlichen  Bericht  iiber  eine  Faniilie  rait  o  Kindern.  von  gesunden 
Eltern  stammend.  die  alle  tetanisch  waren.  Gelegentlit-h  der  Autopsie 
wurden  bei  einem  von  ihnen  4  Nebenschilddriisen  gefunden  ohne  jeg- 
liehes  Zeichen  von  Hamorrhagie.  Suiz  fand  in  Triest  haufig  familiares 
Vorkommen  der  Tetanic  und  besclireibt  3  Familien;  in  2  von  diesen 
wurden  Mutter  und  Tochter,  in  der  dritten  Bruder  und  Schwester  von 
Tetanie  befallen.  Er  nimmt  hereditare  Schwache  der  Xebensehilddriisen 
an,  da  eine  anatomische  Grundlage  fiir  jede  Insuffizienz  fehlte.  Man 
muB  die  akquirierte  von  der  hereditaren  Insuffizienz  trennen.  In  dieser 
Beziehung  ist  der  Hinweis  von  Fuchs  u.  a.  auf  einen  etwaigen  Zu- 
sammenhang  zwisehen  Ergotinvergiftung  und  Tetanie  interessant. 

Tetanie  wahrend  der  Schwangerschaft  bzw.  Lactation: 
Viele  Falle  von  Tetanie  sind  im  Laufe  der  Schwangerschaft  oder 
wahrend  der  Lactation  kiirzlich  von  Dakin.  Schmiedlechner,  Adler 
und  Thaler,  GroB.  Gottschalk,  Guiziotti.  Hodlmoser,  Neu- 
mann. Meinert,  Nathan.  Pick,  Thomas,  Zanfroginini  u.  a.  be- 
richtet  worden.  Aber  Neues  wurde  durcli  diese  Beobachtungen  nicht 
erbracht.  Die  Originalexperimente  von  Vassale  sind  die  in  jeder  Be- 
ziehung klarsten.  Er  fand,  daB  die  Tetanie  an  partiell  parathyreoid- 
ektomierteh  Tieren  walu-end  der  Schwangerschaft  oder  nach  der  Ent- 
bindung  in  die  Erscheinung  tritt,  wenn  mehrere  Junge  geworfen  wurden, 
so  daB  die  Lactation  stark  war.  Mit  der  LTnterbrechung  der  Lactation 
schwand  die  Tetanie.  Eine  befriedigende  Erklarung  besitzen  wir  nicht, 
wenn  es  sich  nicht  als  richtig  herausstellen  sollte.  daB  die  wesentlichste 
Erscheinung  sowohl  bei  der  Schwangerschaft  als  der  Lactation  der  Ver- 
lust  an  Kalksalzen   ist. 

Infantile  Tetanie:  Weit  mehr  Aufmerksamkeit  war  der  infantilen 
Tetanie  gewidmet  worden.  und  die  letzten  Jahre  haben  weiterhin  neues 
Tatsachenmaterial  und  neue  Hypothesen  beigebracht,  die  sich  in  der 
Hauptsache  einerseits  mit  dem  Wesen  der  Krankheit  und  im  besonderen 
dem  Calciumgchalt  der  Xalirung  beschaftigen,  andererseits  mit  gewissen 
Lasionen  der  Xebensehilddriisen.  die  sich  hauptsachlich  an  Kindern 
finden.  Der  ersten  dieser  Fragen  wurde  Erwahnung  getan  bei  der 
Diskussion  iiber  die  RoUe  des  Calciums.  Sein  EinfluB  ist  bei  Kindern 
nicht-  so  klar  wie  in  den  Experimenten,  in  denen  es  intravenos  appliziert 
werden  kann.  da  die  Resorption  im  Darmkanal  der  Kinder  noch  immer- 
hin  unsicher  ist.  Z.  B.  stellte  Schabad  fest,  daB  bei  der  Erniihrung 
mit  reiner  Kuhmilch  eine  Kalkverarmung  stattfindcn  muC,  da  iiberhaupt 
nur  30  Proz.  resorbiert  werden,  im  Gegensatz  zu  70  Proz.  von  der  mensch- 
lichen  Milch.  Die  Frage  ist  aUem  Augenschein  nach  komplexer,  als  es  bei 
oberflachlicher  Betrachtung  scheint.  und  kann  nicht  durch  eine  einfache 
Untersuchung  iiber  den  Kalkgehalt  der  Xahrung  beantwortet  werden. 

Mit  einer  Anerkennung  dieser  Tatsaehe  haben  manche  Untersucher 
nach  einer  anatomischen  Grundlage  fiir  die  Erklarung  der  Spasmophilic 
gesucht,  und  wie  wohl  bekannt.  gelang  es  Erdheim  die  Gegenwart 
von   Hamatomen   in   den   Nebenschilddriisen   darzutun.    die   er   auf   As- 
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phvxie  oder  Trauma  wiihrend  der  Geburt  bezog  und  die  eine  Storung 
der  Driisenfunktion  dar.stellen.  Die  Arbeit  Yanases.  der  diese  Ansicht 
kraftig  unterstiitzte.  hat  einen  Platz  in  vielen  Referaten  gefunden. 
Xach  jener  Zeit  hat  der  Befund  solcher  Hiimorrhagien  in  den  Neben- 
schilddi'iisen  von  Kindern,  die  keine  Zeichen  von  Tetanie  aufwiesen.  und 
ihr  Fehlen  bei  anderen  mit  ausgesprochenen  Symptomen  manche  Autoren 
veranlaCt.  ihre  Wichtigkeit  in  Frage  zu  stellen.  Thiemich  bestritt  ihr 
Vorkommen  in  seinen  Fallen  von  Tetanie,  dagegen  stellt  Strada  unter 
Bezugnahme  auf  die  Arbeiten  von  Erdheim,  Schmorl,  Pepere, 
Verebeley.  Getzowa  u.  a.,  die  sie  ebenso  beschrieben.  fest.  daB  in 
seinen  4  Fallen  von  infantiler  Tetanie  Hamorrhagien  zu  finden  waren. 
mit  starker  Beeintrachtigung  des  Parathyreoidgewebes.  Haberfeld 
fand  an  Kindern  Zeichen  von  Hamorrhagien  in  den  Nebenschilddriisen, 
die  manchmal  lange  Zeit,  ja  bis  12  Monate,  unverandert  liegen  geblieben 
waren  oder  Narben  und  Pigmentierung  hinterlassen  hatten.  Ihr  Effekt 
ist  nicht  allein  das  Zugrundegehen  des  Gewebes,  sondern  auch  eine 
Wachstumsbeschrankung  der  Driisen.  Vielleicht  handelt  es  sich  nur 
um  einen  pradisponierenden  Faktor  fiir  die  Tetanie,  wahrend  die  un- 
mittelbare  Ursache  Infektion  oder  Intoxikation  ist.  Er  macht  auf  die 
wichtige  Tatsache  aufmerksam.  daB  das  Fehlen  von  Klappen  in  den 
Venen  der  Nebenschilddriisen  die  Entstehung  dieser  Hamorrhagien  be- 
giinstigt.  Auf  der  anderen  Seite  fand  Auerbach  Hamorrhagien  in  den 
Nebenschilddriisen  von  76  Proz.  aller,  inklusive  der  tetanischen  Kinder.  In 
seiner  zweiten  Arbeit   gibt  er  uns  eine  ausfiihrliche  Zusammenstellung: 

13  Kinder  mit  normalerNervenerregbarkeit;         davon  8  mit  Hamorrhagien 

5  ohne  „ 

5       „        ,,   anodaler  Nerveniibererregbarkeit;      „     4  mit  ,, 

1  ohne  ., 
5       ,,        ,,   kathodaler                  „                            „     5  mit  „ 

0  ohne  ,, 

10       ..        ..   klinisch  manifester  Tetanie;  „     8  mit  ,, 

2  ohne  ,, 

Er  findet  Pigment  und  C'ysten  als  Residuen  von  Hamorrhagien 
mit  haufig  sekundaren  Hiimorrhagien  in  und  um  diese  Cysten.  Aus 
diesen  Befunden  schlieBt  er.  daB  Asphyxie  bei  der  Geburt  das  Vor- 
kommen von  Hamorrhagien  nur  in  76  Proz.  dieser  FiiUe  erklart.  und 
daB  man  nicht  sicher  sein  kann,  daB  die  Tetanie  der  Kinder  gleich- 
bedeutend  mit  der  bei  Erwachsenen.  oder  daB  die  Hamorrhagien  der 
Nebenschilddriisen   ihre  Ursache  sind. 

BliB  fand  keine  Hamorrhagien  in  2  Fallen  von  kindlicher  Tetanie. 
aber  3mal  Hamorrhagien  unter  13  gesunden  Kindern,  und  st elite  eine 
Beziehung  zwischen  solchen  Veriinderungen  und  der  Tetanie  in  Abrede. 
GroBer  und  Betke  sind  derselben  Ansicht  und  finden  Hiimorrhagien 
der  Nebenschilddriisen  nicht  nur  nach  Geburtsasphyxie,  sondern  im 
spateren  Leben  nach  entziindlichen  Prozessen  und  Autointoxikationen. 
und  Ziehen  den  SchluB,    daB    diese    nichts    zu    tun   haben    mit   der    in- 
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fantilen  Tetanie.  die  ihrerseits  wieder  etwas  aiideres  ist  als  die  Tetanie 
nach  Parathyreoidektomie.  Oppenheiiner  fand  bei  einem  Fall  von 
infantile!'  Tetanie  mit  elektrischer  Obererregbarkeit  in  keiner  der  4  Neben- 
Bchilddriisen  eine  Blutung,  wohl  aber  gewisse  Spaltraume,  die  er  als 
rupturierte  LvmphgefaBe  deutete.  Konigstein  fand  normale  Neben- 
schilddriisen bei  einem  il  monatigen  Kind  niit  Tetanie,  dagegen  Blutungen 
in  den  Nebenschilddriisen  bei  einem  Kind,  das  an  Enteritis  oline  Tetanie 
starb.  Eckert  fand  Tetanie  bei  Kindern  mit  normalen  Nebenschild- 
driisen. Jorgensen  findet  es  bemerkenswert,  daB,  wenn  die  Tetanie 
etwas  mit  Bliitnngen  in  die  Nebenschilddriisen  zu  tun  habe,  sie  sich 
erst  3  bis  4  Monate  nach  der  Hamorrhagie  einstelle.  Er  fiihrt  alle 
Argumente  gegen  die  Bedeutimg  der  Blutungen  bei  der  Tetanie  an 
und  bespricht  schlieBlich  einen  Fall  von  ausgesprochener  Tetanie  bei 
einem  7  monatigen  Kinde,  bei  dessen  Nebenschilddriisen  Serienschnitte 
vollkommen  normales  Verhalten  ergeben  hatten. 

Im  ganzen  ist  der  Be\\eis  fiir  das  ursachliehe  Verhiiltnis  dieser 
Blutungen  zu  der  Tetanie  nicht  sehr  iiberzeugend.  besonders  wenn  man 
bedenkt,  wie  wenig  Parathyreoidgewebe  am  Tier  dazu  gehort,  um  es 
normal  zu  erhalten.  DaB  solche  hiimorrhagische  Zerstorungen  sich  als 
pradisponierende  Faktoren  fiihlbar  machen  konnen.  kann  nieniand 
leugnen;  aber  es  scheint  doch,  daB  andere  Prozesse  wie  Autointoxi- 
kationen  die  direkte  Ursache  der  Tetanie  sein  miissen. 

Das  wircl  noch  wahrscheinliclier.  wenn  wir  unsere  Aufmerksamkeit 
anderen  Formen  der  Tetanie  zuwenden,  die  im  spiiteren  Leben  auf- 
treten  und  bei  denen  adaquate  Veriinderungen  in  den  Nebenschilddriisen 
niemals  gefunden  werden. 

Tetanie  bei  Intoxikationen:  Gewisse  giftige  Substanzen  rufen 
Symptome  hervor,  die  ahnlich,  wenn  nicht  identisch  sind  mit  denen  der 
Tetanie,  und  in  manchen  Fallen  befjillt  ein  tetanischer  Anfall  eine 
Person,  von  der  man  weiB,  daB  sie  fiir  solche  Symptome  priidisponiert 
ist.  So  beschreibt  Chvostek  einen  tetanischen  Anfall  als  Resultat 
einer  Tuberkulininjektion.  Skene  beobachtete  Tetanie  bei  einem  idio- 
tischen  Kind,  das  mit  Schilddriisenextrakt  behandelt  worden  war,  und 
das  ungliicklicherweise  "25  grain  {=  1,25  g)  auf  einmal  verschluckt  hatte. 
Mehrere  Stunden  spater  entwickelte  sich  die  Tetanie  und  wiederholte 
sich,  so  oft  die  groBe  Dosis  verabreicht  wurde.  Der  Verfasser  ist  der 
Ansicht.  daB  das  Thyreoidin  die  Ausfuhr  an  Kalk  steigert  und  in 
diesem  Fall  den  Kalkvorrat  erschopf te.  (!)  Haenel  fand  nach  leichten 
Vergiftungen  tetanieahnliche  Symptome,  und  mehrere  Autoren  beschrieben 
solche  nach  Phosphorvergiftungen  (Routa,  Stranskj^,  Wirtli).  In 
diesen  Fallen  handelt  es  sich  um  Magendilatationen  oder  sonst  pra- 
disponierende Ursachen,  und  Wirth  ist  der  Ansicht,  daB  der  Phosphor 
die  Nebenschilddriisen  schiidige.  In  seinem  Falle  fand  er  erhohte  elek- 
trische  und  mechanische  Erregbarkeit  und  Acetonurie. 

Ru dinger  ist  der  Ansicht,  daB  die  Tetanie  durch  Gifte  verursacht 
werden  kann  bei  gleichzeitig  bestehender  Parathyreoidinsuffizienz.  und 
erwahnt  in  dieser  Beziehung  speziell  Ergotin,  Kalomel  usw.    Pick  hatte 
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Ergofcin  als  iitiologisches  Moment  bei  der  Tetanie  der  Schwangeren  im 
Verdacht  und  sprieht  sith  gegen  die  Verwendiing  des  Ergotins  ebenso 
wie  gegen  die  von  Chloroform  in  der  geburtshilflichen  Praxis  aus. 
Neuerdings  hat  Fuchs  ernstlich  das  Ergotin  als  die  Ursache  der  in 
Wien  so  verbrciteten  idiopathischen  oder  Arbeitertetanie  beschuldigt. 
Er  findet,  dafi  Ergotismus.  Spasmen,  Parasthesien,  Katarakt,  Polyuria, 
fibrillare  Zuckungen  und  trophische  Storungen  der  Haare,  Nagel  und 
Haut  mit  meehanischer  Muskeliiberempfindlichkeit  erzeuge.  Er  erkliirt 
das  Vorkommen  der  Tetanie  im  Winter  auf  Grund  der  Tatsache,  daB 
der  Roggen,  der  nach  Weihnachten  benutzt  wird.  reichlich  Ergotin  ent- 
halte,  das  Ergotin  im  Miirz  abgestorbcn  sei.  Biedl  diskutiert  diese 
Arbeit  und  macht  auf  gewisse  Diskrepanz  im  Bilde  des  Ergotismus 
und  der  Tetanie  aufmerksam.  Allerdings  war  er  imstande,  elektrische 
Erregbarkeit  durch  subcutane  Ergotininjektion  hervorzurufen. 

Es  ist  bekannt.  dal5  Asphyxie  oder  partielle  Anamie  leicht  die 
Nervenerregbarkeit  verJindert.  so  daB  die  Formel  sich  der  der  Tetanie 
nahert  mit  gesteigerter  Erregbarkeit  gegeniiber  dem  Kathoden-  und 
Anodenoffnungssclilag.  Da  die  meisten  dieser  Gifte  die  Blntzufuhr  zur 
Peripherie  oder  die  Oxydationsprozesse  storen,  so  scheint  es  moglich, 
daU  der  Symptomenkomplex.  den  sie  hervorrufen,  davon  abhangen 
muB.  eben  wie  es  denkbar  ist.  daB  die  Symptome  der  Tetanie  selbst 
die  Wirkung  einer  Oxydationsstorung  darstellen  konnen. 

Gastrische  Tetanie:  Der  Stand  unserer  Kenntnis  von  dem 
Wesen  der  gastrischen  Tetanie  ist  ziemlieh  sj)arlich.  Es  wurde  dar- 
iiber  wenig  in  den  letzten  Jahren  publiziert,  und  die  Publikationen, 
die  erschienen  sind,  bestanden  im  wesentlichen  aus  Berichten  von 
Fallen,  gewohnlich  mit  Gastroenterostomie  und  Heilung  der  Sym- 
ptome. Jeder  der  Verfasser  hat  die  Literatur  referiert  und  die  drei 
Haupttheorien  iiber  die  Atiologie  diskutiert.  von  denen  keine  eine 
befriedigende  Erklarung  gibt.  Solche  Referate  finden  sich  in  Ar- 
beiten  von  Amato,  Albu,  Bing,  Cunningham.  Dickson,  Durand, 
A.  Ferrannini.  L.  Ferrannini.  Fenwick,  Gatzky,  Gumprecht, 
Ru dinger  und  Jonas.  Sievers  u.  a.  Die  Theorie  einer  Autointoxi- 
kation  infolge  Speiseretention  im  Magen  hat  manche  Anhjinger  ge- 
funden,  und  entschiedene  Anstrengungen  wurden  gemacht,  um  das 
erwartete  Gift  im  Mageninhalt  oder  im  Urin  zu  finden.  Durch  kom- 
plizierte  Methoden  fanden  einige  Beobachter  giftiges  Material  im  Magen, 
andere  fanden  keines;  manchmal  handelte  es  sich  um  Hyperchlorhydric, 
manchmal  um  ein  Salzsauredefizit.  Nach  manchen  hangt  die  Produk- 
tion  oder  aber  auch  die  Wirksamkeit  eines  Giftes  von  der  sauren  Re- 
aktion  ab.  Andere  finden  basische  Sub.stanzen.  Diamine  oder  Tox- 
albumine,  denen  sie  die  Symptome  zusclireiben.  Auch  Aceton  und 
verwandte  Substanzen  wurden  im  Urin  gcfunden. 

Bouveret  und  Devic  finden.  daB  das  Gift  nichts  mit  Bakterien 
und  nichts  mit  Hypcraciditat  zu  tun  hat.  und  daB  es  walu'ScheinJich 
ist,  daB  im  Laufe  der  Peptonisierung  ein  Ptomain  entsteht,  alkohol- 
loslich.  ja  daB  vielleicht  der  Alkohol  mit  seiner  Bildung  zusammenhange. 
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ITnter  genau  den  niimlichcn  Bedinguugen  findet  Gumprecht  kein  Toxin, 
und  ob\\ohl  dcr  Urin  toxisehcr  ist  al.«  in  der  Norm,  ist  er  der  Ansicht, 
dalJ  kein  besonderes  Tetauiegift  erkennbar  ist.  Da  sind  die  einen  und 
die  anderen,  die  sich  so  oder  so  fiir  die  aktive  Beteiligung  eincs  Magen- 
giftes  entsclieiden.    Aber  ilire  Befunde  .sind  vage  und  zweifelhaft. 

Die  Arbeit  von  Kaufmann  hat  in  dieser  Beziehung  zu  geringe 
Beachtung  gefunden.  Er  spricht  aus.  daB  die  Gastioenterostomie  un- 
mittelbaic  Hilfc  bringt  und  halt  diesc  Wirkung  fiir  unmogHch.  wenn 
die  Wirkung  der  Operation  darin  bestande.  giftige  Substanzen  im  Magen- 
iniialt  nai'h  dem  Intestinum  gelangen  zu  lassen.  Er  erinnert  an  die 
von  F.  Mil  Her  gefundene  Tatsache,  dal3  keine  Tetanie  entsteht,  wenn 
stagnicrendes  Material  resorbiert  wird.  dagegen  wohl,  wenn  es  durch 
Erlirec'hen  oder  Auspunipen  entfernt  wird.  Es  ist  tatsachlich  richtig, 
daB  in  manchen  Fiillen  Auswasehen  die  Symptome  hintanhalt,  aber  in 
anderen,  z.  B.  in  dem  Falle  Colliers,  folgt  die  Tetanie  direkt  der  Aus- 
waschung  oder  exzessivem  Erbrechen.  Aus  diesem  Grund,  meint  Kauf- 
mann. sei  es  der  reichliche  Verlust  von  Chloriden,  der  die  Tetanic 
verursache. 

Ohne  Kenntnis  dieser  Arbeit  fiihrte  Mac  Galium  1908  bis  1909 
Serien  von  Experimenten  an  Hunden  aus,  bei  denen  der  Pylorus  voll- 
stiindig  \erschlossen,  der  Hund  durch  eine  Duodenalfistel  ernahrt  und 
der  Magen  griindlich  ausgewaschen  wurde.  Jeden  Tag  waren  groBe 
Mengen  von  Magensekret,  reich  an  Chloriden,  angehauft.  was  zweifellos 
zu  emem  Verluste  des  Korpers  an  Salzen  fiihrte.  Die  Tiere  zeigten 
in  einigen  Fallen  au.sgesprochene  tetanische  Symptome.  Dr.  Poole 
demonstrierte  an  neueren  Versuchen  der  namlichen  Art  eine  abnorm 
hohe  elektrische  Erregbarkeit  der  Hunde.  Der  Gedanke  war  damals 
der,  daB  der  Verlust  an  Chloriden  in  soldier  Menge  das  aktive  Calcium, 
das  dem  Korper  zur  Verfiigung  steht,  beeintrachtigt.  Die  Arbeit  ist 
sehr  unvoUstandig  und  mag  vielleiclit  nach  der  verkehrten  Riehtung 
ausgegangen  sein;  aber  sie  stimmt  iiljerein  mit  den  guten  Resultaten 
der  Gastroenterostomie. 

Guerra  Coppioli  halt  den  Verlust  an  Salzsaure  fiir  das  atiologische 
Moment  der  Tetanie,  indem  es  die  Alkalinitat  des  Blutes  vermehrt. 

Jonnesco  und  GroBmann.  Jurgensen,  Kuckein  und  Fleiner 
beziehen  .sich  auf  die  Idee  KuBmauls.  daB  der  Wasserverlust  infolge 
Erbrechens  und  der  daher  verminderten  Absorption  von  den  Darinen 
die  wahre  Ursache  der  Tetanie  sei,  da  in  manchen  Fallen  die  Symptome 
durch  rectale  Wassereinlaufe  behoben  werden  konnen.  Richartz  sah 
weniger  guten  Erfolg  von  diesen  Einliiufen  und  meint,  daB  die  Befunde 
nicht  fiir  diese  Eindickungstheorie  sprachen.  Werm  es  sich  um  ein 
gastrisches  Toxin  handelte,  so  miiBte  es  allmiihlich  resorbiert  werden. 
Es  konnte  sein,  daB  es  nie  in  gi-oBer  Menge  im  Magen  vorkommt.  Da 
die  jedesmalige  Einfiihrung  einer  Magensonde  einen  tetanischen  Anfall 
ausloste,  so  erwagt  er  die  reflektorische  Entstehung  der  Spasmen. 

Die  Frage  bleibt  in  der  Schwebe  und  macht  noch  reichliche  Studien 
notwendig.     Die  Nebenschilddriisen  fanden  sich  normal  oder  aber  ver- 
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groCert.  weiin  sie  zur  rntersuchuiig  kamen  (Erdheim.  Kinnicutt, 
Mac  Callum).  Mac  Callum  sprach  die  Ansicht  aus.  daB  die  Hypcr- 
trophie  \\'ahrscheinlich  von  einer  vermehrten  Sekretion  herriihre,  die 
durch  die  Anspriiche  bedingt  ist.  die  die  Tetanie  an  diese  Driisen  stellt. 
Intestinale  Tetanie:  In  einer  Anzahl  von  Fallen  ist  die  Tetanie 
vergesellschaftet,  melir  mit  intestinalen  als  gastrischen  Storungen,  und 
diese  erfordern  wieder  eine  andere  Erklarung.  obwohl  eine  der  Erklarun- 
gen,  die  man  fiir  die  gastrische  Form  gegeben  hat.  auch  hier  in  Betracht 
kommt.  Fleiner  sah  einen  Fall  von  Achylia  gastrica.  bei  dem  die  Nahrung 
leicht  den  Magen  paissierte ;  Fett  w  urde  bi.s  zur  Verseif ung  gespalten,  aber 
nieht  resorbiert.  Die  Stiihle  waren  sehr  reichlich.  und  die  Diurese  war 
vermelirt.  Er  bezog  diese  Falle  auf  die  KuBmaulsche  Theorie  von  der 
Bluteindickung.  Ewald  und  Jacobsohn  sahen  ebenso  einen  Fall  von 
Steatorrhoe  mit  tetanischen  Anfallen,  die  jedesmal  auftraten.  w  enn  der 
Stuhl  fast  wurde.  Sie  waren  befriedigt  von  dem  Befunde  einer  ptomain- 
artigen  Sub.stanz  im  Urin.  Langmead  beschrieb  3  Fiille  von  Di- 
latation des  Colon  sigmoideum  mit  Retention  und  Zersetzung  der  Faeces. 
Eins  dieser  Kinder  zeigte  die  charakteristischen  Symptome  von  intesti- 
nalem  Infantilismus,  und  alle  zeigten  Tetanie.  die  verschwand.  sobald 
der  Darm  ausgewaschen  wurde.  8ehlieBlich  berichtet  Quosig  iiber 
einen  Fall  analog  dem  von  Fleiner.  mit  Achylie  und  Diarrhoe,  den 
er  aber  einer  Autointoxikation  zusehreibt. 

Osteomalacic  und  Rachitis. 

Wir  haben  gezeigt,  dal3  die  Nebenschilddriisen  einen  entscheidenden 
EinfluB  auf  den  OssifikationsprozeB  haben.  der  nur  unvoOstandig  und 
ohne  Verkalkung  vor  sich  geht.  \\enn  diese  Driisen  fehlen.  ganz  wie  es 
der  Fall  ist  bei  Rachitis  und  Osteomalacie  (Erdheim,  Morel.  Toyo- 
f  uku).  Es  liegt  deshalb  nahe,  diese  Krankheiten,  die  durch  Storungen 
in  der  Verkalkung  und  Verknocherung  charakterisiert  sind.  zu  Altera- 
tionen  der  Nebenschilddriisen  in  Beziehung  zu  bringen.  Das  ist  tat- 
sachlich  von  Erdheim  bewiesen  worden,  der  in  6  oder  7  Fallen  von 
ausgesprochener  Osteomalacie  die  Nebenschilddriisen  hochgradig  ver- 
groBert,  und  wenn  nicht  vergroBert,  so  doch  von  Gewebsmassen  durch- 
setzt  fand,  die  den  Eindruck  von  Neubildungen  niachten.  Er  sah  das 
als  Ausdruck  einer  Mehrfunktion  an.  die  durch  die  Bildung  irgendeiner 
Substanz,  z.  B.  im  Ovarium,  erforderlich  wurde,  zu  deren  Neutralisation 
die  Nelienscliilddriisen  notig  wurden. 

Der  Zusammenhang  cUeser  Fiille  mit  Tetanie  ist  schon  lange  richtig 
erkannt  worden,  und  Erdheim  berichtet  Falle  von  Blazicek,  Freund, 
Weber,  Schultze.  Hecker.  Panse,  Hoennicke.  Ein  anderer  Fall 
ist  von  Schlesinger  beschrieben  worden,  bei  dem  die  Tetanic  mit  der 
Osteomalacie  7  Monate  naeh  dem  Wochenbett  verschwand.  Schonborn 
versuchte  die  BehandJung  in  einem  solchen  Falle  mit  Nebenschild- 
driisenextrakt,  aber  ohne  Erfolg.  Strada  fand  eine  von  4  Neben- 
schilddriisen bei  Osteortialacie  vergroBert.    Auch  Bauer  fand  Knotchen 
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eines  jungen  Nebensohilddriisengewebes  in  jeder  der  4  Driisen  mittels  der 
Altmannschen  Methode.  und  vermutet  das  Vorkommen  von  Osteo- 
malacie  in  jenen  Fallen  von  Nebenschilddriisentumoren.  die  schon  be- 
schrieben  wurden.  Sehmorl  fand  nur  in  eineni  Fall  von  Osteomalaeie 
sine  Hyperplasie  der  Xebensthilddriise.  Marek  wandte  in  seinem  Falle 
von  Osteomalacic,  in  dem  er  wiihrend  der  4.  Gravlditilt  Kaiserschnitt 
und  Kastration  ausfiihrte,  Adrenalininjektion  an,  von  dem  Gedanken 
geleitet.  daB  es  sich  hier  urn  die  Insuffizienz  des  chromaffinen  Sj'stems 
handelte.  Jede  Injektion  war  von  Tetania  begleitet.  Seine  Erklarung 
ist  sehr  iinbefriedigend;  denn  wenn  man  annimmt.  daB  es  sich  dabei 
um  eine  Insuffizienz  des  chromaffinen  Systems  handelt,  so  sollte  man 
glauben,  daB  dabei  eine  relative  Uberwertigkeit  der  Nebenschilddriisen 
vorhanden  ist.  Denn  wir  haben  es  mit  dem  umgekehrten  Fall  zu  tun 
von  normaler  Schwangerschaft,  bei  dem  Neu  und  Hofbauer  eine  Zu- 
nahme  im  Adrenalingehalt  des  Blutes  mit  relativer  Nebenschilddriisen- 
insuffizienz  fanden.  Plausibler  scheint  der  Gedanke.  daB  bei  der  Osteo- 
malaeie eine  Substanz  gebildet  wird.  die  alle  Krafte  der  Nebenschild- 
driisen zu  seiner  Neutralisation  verbraucht.  Bei  diesem  Verhaltnis  einer 
relativen  Insuffizienz  kann  die  Einfiihrung  eines  Uberschusses  von  Adre- 
nahn  einen  tetanisehen  Anfall  auslosen  in  der  Weise,  wie  Falta  es 
beschreibt:  obwohl  in  den  zahlreichen  Fallen,  in  denen  nach  Bossis 
Angaben  bei  der  Osteomalacic  Adrenalin  gcgeben  wm-de,  offenbar  kcine 
entschiedenen  Symptome  von  Tetanic  beobaclitet  wurden.  Hier  scheinen 
die  Alterationen  der  Nebenschilddriisen  und  die  Tetanic  ganz  neben- 
sachlich  im  Vcrglcich  mit  dem  ursachliclien  Faktor,  der  die  Osteo- 
malacic und  die  Calciumverarmung  bedingt.  Wahrscheinlich  konnte 
dasselbe  von  der  Rachitis  gcsagt  werden.  die  so  gewohnlich  mit  Tetanic 
vcrgesellschaftet  v^orkommt  (Schiiller). 

Trophlsclie  Storungeii  in  anderen  Gewebeii. 

Veranderungen  an  den  Nageln,  der  Haut  und  der  Linse  sind  in 
mehreren  Tetanicfiillen  beschriebcn  worden  und  bilden  wohl  Analoga 
zu  denjenigen  an  den  Knochen  und  Zaluien.  In  der  Tat  bcobachtete 
Spieler  bei  einem  10  jiihrigen  Kind,  bei  dem  die  Tetanic  mit  8  Jahren 
eingesetzt  hatte  und  jcdcs  Friihjahr  mit  Anfallen  von  Laryngospasmus 
wiederkelirte,  solche  Veranderungen.  Pineles  macht  auf  die  Mannig- 
faltigkeit  dieser  Phanomcne  bei  Kindern  aufmcrksam  im  Gegcnsatz  zu 
Erwachsenen,  und  kann  Falle  von  Hoffmann  und  Peters  anfiihren. 
Seitdem  hat  Fischl  einen  FaU  beschriebcn  mit  Atrophic  und  allmah- 
lichem  Verlust  der  Daumennagcl.  In  Spielers  Fall  handelte  es  sich 
um  eine  Hj'poplasic  des  Sclimelzes  und  Dentins  derjenigen  Zahne,  die 
sich  wahrend  der  Tetanic  entwickeltcn.  wiihrend  die  vorhcr  gebildeten 
volLkonimen  normal  warcn. 

Nathan  sah  einen  kurzcn  Anfall  von  Tetanic  wiihiend  der 
Schwangerschaft  einer  jungen  Frau,  bei  der  Parasthesien  in  den  Finger- 
spitzcn   einhergingen    mit  Bla'sen   und  Gcschwiir.sbildungen  und  Vernar- 
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bungen.  Gleichzeitig  \^ar  ein  beginiiender  Katarakt  vorhanden.  In  dem 
Falle  Meinerts  entwickelte  sich  t4)enso  die  Tetanie  in  der  Sehwanger- 
schaft  und  fiihrte  zum  Verlust  der  Finger-  und  Zehennagel.  Die  vierte  und 
fiinfte  Schwangerschaft  verlief  normal,  aber  in  der  seohsten  trat  Tetanie 
wjihrend  des  4.  Monats  auf.  die  Niigel.  die  regeneriert  waren.  fielen  in 
Stiicken  ab   und  ein  bilateraler  Katarakt  entwickelte  sich. 

Zirm  wilft  die  Frage  auf.  ob  der  Tetaniekatarakt  (Schichtstai). 
der  audi  bei  Kindern  vorkommt,.  eine  Wiikung  des  tetanisch  ver- 
anderten  Ciliarmuskels  auf  die  Zirkulation .  eine  trophische  Storung 
anderer  Art  oder  eine  direkte  Giftwirkung  ist,  wie  beim  Naphlhalinstar. 
Er  neigt  zu  der  letzteren  Ansicht.  da  audi  Ergotinvergiftung  Katarakt 
verursacht.  eine  Tatsaehe,  die  im  Lidit  der  neuen  Fuch.sschen  Arbeit 
liber  das  Ergotin  als  atiologisdien  Faktor  bei  der  Tetanie  von  Interesse 
ist.  Osterroht  veroffentlidit  einen  Fall  von  bilateralem  Katarakt  bei 
einer  Frau.  bei  der  Tetanie  mit  der  ersten  von  8  Geburten  19  Jahre 
zuvor  begonnen  hatte.  In  diesem  Falle  war  der  Katarakt  mit  Pamius 
und  Conjunctivitis  gepaart.  wobei  auch  Atrophic  der  Schilddriise  bestand. 
Vogts  Fall  betraf  eine  Frau.  die.  seit  einer  Strumcktomie  20  Jahre 
vorher,  an  Krampfen  gelitten  hatte.  Ein  doppelseitiger  Katarakt  ent- 
wickelte sich  ohne  Nagel-  und  Hautveranderung.  Auch  Vogt  vergleicht 
ihn  mit  dem  Ergotinkatarakt  und  nimnit  Bezug  auf  niehrere  iiltere 
Arbeiten  iiber  denselben  Gegenstand  (Lantzberg,  Schiiller,  Wagen- 
mann,  Westphal). 

Natiirlich  braudien  diese  Storungen  einige  Zeit  zu  ihrer  Entwitk- 
lung,  was  Pineles  fiir  den  walirsdieinlichen  Grund  ihrer  seltenen  Vor- 
kommen  bei  der  infantilen  Tetanie  ansieht.  Deshalb  konnen  sich  natiir- 
lich auch  im  gewohnlichen  Tierexperiment  ahnliche  Veranderungen  nidit 
einstellen;  nur  in  Erdheims  Experimenten  mit  lang  unterhaltener  Tetanie 
bei  Ratten  fand  man  den  Beginn  eines  Katarakts. 

Eine  plausible  Erkliirung  fiir  ilire  Pathogenese  gibt  es  nicht. 

Therapie  der  Tetauie. 

Hinsichtlich  der  Therapie  sind  nur  wenig  befriedigende  Resultate 
erzielt  worden.  Lusena  berichtet  1898  iiber  gute  Resultate  an  Hunden 
nach  Implantation  von  Nebensehilddriisen  oder  der  Injektion  von  Neben- 
schilddriisenextrakt.  Verfiitterung  von  Nebenschilddriisengewebe  hatte 
ofienbar  wenig  EinfluB.  und  gliinzende  Resultate  sind  nicht  erzielt 
worden.  Cristiani  fiihrt  erfolgreiche  Transplantation  bei  Ratten  an. 
Einige  Jahre  spater  kam  man  therapeutisch  etwas  welter.  Mac  Galium 
konnte  1903  zeigen.  daB  die  intravenose  Injektion  von  Nebenschild- 
driisensaft  an  Hunden  fiir  eine  Zeitlang  die  Symptome  der  Tetanie 
beseitigte.  Tastende  Versuche  wurden  und  werden  noch  mit  der  Ver- 
fiitterung von  Schilddriisenextrakt  gemacht.  manchmal  mit  gutem  Re- 
sultate, was  man  sich  damit  erkliirte.  daB  Nebenschilddriisengewebe  in 
den  Schilddriisen  enthalten  war,  aus  denen  der  Extrakt  hergestellt 
wurde.     Freilich    sind    nach    Pineles    solche    Dosen    ohne    Bedeutung. 
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Vassale  hat  ein  sogenanntes  ,,Parathyreoidin"  hergestellt.  woniit  er  und 
andere  bemerkenswerte  Resultate  erzielte.  Bircher.  Lowentlial  und 
Wiebrecht  und  Berkeley  haben  die  Sj'mptome  durch  Verfiitterung 
bestimmter  Nebenschilddriisenextrakte  beseitigt.  wahrend  Rensburg 
und  Rev,  Escherich  und  Pineles  davon  recht  unbefriedigt  sind. 
Berkeleys  Methode  besteht  darin.  die  Nucleoproteide  zu  v^erfiittern, 
die  aus  deni  wiisserigen  Extrakt  von  Rinder-Nebenschilddriisen  ausfallen, 
und  halt  sie  fiir  das  wirksame  Prinzip.  In  einigen  Fallen  leichter 
Tetanie  hatte  er  gute  Resultate. 

Netter,  Quest  u.  a.  gaben  Calciumsalze  bei  der  Tetanie  niit  guten 
Resultaten  trotz  der  Theorie  Stoeltzners,  daB  die  infantile  Tetanie 
zu  guter  Letzt  durch  Calciumsalze  verursaeht  sei.  Mac  Galium  und 
Voegtlin  fanden.  wie  berichtet,  dal3  intravenose  oder  reicMiche  orale 
Verabreichung  von  Calcium  die  Symptome  der  experimentellen,  durch 
Parathyreoidektomie  erzeugten  Tetanie  prompt  beeinflussen.  Mitunter 
ist  es  moglich  gewesen,  ein  Tier  fiir  lange  Zeit  am  Leben  zu  erhalten. 
Eine  definitive  Heilung  findet  natiirlich  niemals  statt,  wenngleich  die 
Symptome  maskiert  werden.  Seine  Anwendung  muG  also  hauptsiich- 
lich  auf  die  Ulierwindung  der  Symptome  bei  dringendem  Notfalle  oder, 
in  protrahierten  Fallen,  sich  auf  die  Linderung  der  Symptome  beschran- 
kcn.  Es  gibt  Falle,  in  denen  sich  die  Tetanie  an  eine  Strumektomie 
ansehlieOt.  Die  Nebenschilddriisen  sind  dabei  nicht  stimtlich  zerstort, 
wohl  aber  so  geschadigt  worden,  daB  eine  Tetanie  ausgelost  wurde. 
Wenn  die  Heftigkeit  der  Symptome  durch  die  Anwendung  des  Calciums 
iiberstanden  wird,  so  konnten  vielleicht  in  einer  gewissen  Zeit  die 
Nebenschilddriisen  ihre  Funktion  wieder  erfiillen.  Der  Arzt  ist  aber 
noch  recht  hiUlos  vor  einem  chronischen  Fall  von  Tetanie,  wo  keine 
entschiedene  Indikation  fiir  das  arztliche  Eingi'eifen  in  Betracht  kommt. 
Bei  gastrischer  Tetanie.  wo  die  Gastroenterostomie  oft  so  prompte  Hilfe 
bringt,  und  in  der  Schwangerschaftstetanie,  wo  die  Beendigung  der 
Schwangerschaft  oft  die  Tetanie  beseitigt,  ist  die  Aussicht  hoffnungs- 
voller.  Calcium  kann  unbegrenzt  gegeben  werden,  aber  in  einer  be- 
triichtUchen  Zahl  von  klinischen  Berichten  wird  es  als  voUig  wirkungslos 
hingestellt. 

Transplantation  von  Nebenschilddriisen. 

Seit  der  Arbeit  von  Halsted  1907  sind  mehrere  Vorschlage  zur 
Transplantation  von  menschlichen  und  tierischen  Nebenschilddriisen 
gemacht  worden.  Halsted  beschreibt  die  Einpflanzung  der  Neben- 
schilddriisen in  die  Milz  und  Schilddriise  bei  Hunden.  Im  selben  Jahre 
berichteten  Pfe  iff  er  und  Mayer  iiber  eine  erfolgreiche  Transplantation 
der  Nebenschilddriisen  eines  Hundes  in  die  Rectumscheide,  die  den 
Ausbruch  der  Tetanie  bei  dem  Tiere  verhiitete.  Cimoroni  benutzte 
das  Omentum  und  fand.  daB  die  iiberpflanzten  Nebenschilddriisen  das 
Leben  ziemlich  lange  unterhalten  konnen,  daB  sie  aber  bald  resorbiert 
waren,  wonach  das  Tier  kachektisch  wurde  und  starb.  Bose  heilte 
postoperative  Tetanie    durch   Implantantion    menschlicher   Nebenschild- 
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driisen  unter  die  Bauchhaut.  Hermann  und  Harvey  erprobten  das 
viscerale  Peritoneum  als  eine  geeignetere  Transplantationsstatte  als  die 
Milz  und  stellten  fest,  daU  Isotransplantation  moglieh  sei. 

Halsted  veroffentlichte  1909  in  einer  zvveiten,  auBerst  sorgfjiltigen 
Arbeit,  daB  Autotransplantation,  d.  h.  die  Verpflanzung  der  Nebenschild- 
driisen an  ein  und  demselben  Tiere  moglieh  ist.  aber  nur,  wenn  man 
eine  Nebenschilddriiseninsuffizienz  erzeugt  und  ein  absolutes  Bediirfnis 
nach  dem  Organ  vorlag.  Selbst  wo  das  transplantierte  Organ  samt 
den  iibrig  bleibenden  annahernd  die  zur  Aufrechterhaltung  der  Gesund- 
heit  geniigende  Masse  darstellte,  wollte  es  nicht  Wurzel  fassen.  so  daB 
bei  den  erfolgreichsten  Hundeversuchen  eine  Insuffizienz  und  Xeigung 
zur  Tetanie  zuriickblieb.  Isotransplantationen  gelangen  ihm  nicht;  er 
stellt  die  Resultate  Biedls  in  Frage.  dessen  Iniplantationen  mit  fremden 
Nebenschilddriisen  gut  gelangen.  ohne  daB  freilich  ihre  Funktioiis- 
tiichtigkeit  gepriift  wurde.  In  Halsteds  Versuchen  zeigte  eine  mikro- 
skopische  Untersuchung.  wie  gering  die  iiberpflanzten  Gewebsmassen  waren. 
deren  Entfernung  nach  Monaten,  wahrend  dereii  das  Leben  allein  durch 
sie  erhalten  \\-orden  war,  prompt  die  verhangnisvolle  Tetanie  hervorrief. 

Daniel  sen  und  Landois  beschreiben  diese  Operation  und  refe- 
rieren  die  deutsche  Literatur  mit  dem  Ende,  daB  eine  Transplantation 
moglieh  ist.  Leichner  und  Kohler  fiihren  homoioplastische  Trans- 
plantationen  aus  und  finden,  daB  das  transplantierte  Gewebe  ebenso 
wie  das  Schilddriisenge\vel)e  langsam  resorbiert  \\'ird,  man  deshalb  nur 
von  temporarem  Erfolg  sprechen  kann.  Immerhin  gewinnen  einige 
iibrig  gebliebenen  Reste  Zeit  zur  kompensatorischen  Hypertrophic. 
Krabbel  referiert  den  ganzen  Gegenstand.  Er  iiberpflanzte  die  mensch- 
liche  Driise  in  einem  Fall  von  idiopathischer  Tetanie  mit  gutem  Resul- 
tat;  der  Patient  starb  aber  bald  danach  an  Tuberkulose,  was  die  Ver- 
mutung  nahelegt,  daB  eine  Tuberkulose  der  Nebenschilddriisen  die 
ursprijngliche  Ursache  der  Tetanie  war. 

Phleps  berichtete  iiber  solche  Transplantation  bei  der  Tetanie  in 
der  Schwangerschaft  und  bei  anderen  Zustiinden,  die  zwar  nicht  zu 
einer  Tetanie  gefiihrt  hatten.  wohl  aber  zu  trophischen  Storungen.  wie 
Katarakt  usw.  Er  erwiihnt  2  Falle,  in  denen  die  Implantation  gute 
Resultate  gab.  Saar  gibt  eine  Beschreibung  der  operativen  Technik 
und  halt  das  priiperitoneale  Gewebe  fiir  den  besten  Platz.  Eisels- 
berg,  Garre  und  Poole  haben  diese  Driisen  ebenso  verpflanzt  mit 
mehr  oder  weniger  gutem  Erfolg.  Obwohl  das  Prinzip  an  sich  gut  be- 
griindet  sein  mag,  so  sind  doch  manehe  Einzelheiten  auszuarbeiten;  dann 
diirfte  eine  solche  Therapie  sich  allmahlich  aussichtsreicher  gestalten. 


7/^ 


Reprinted  from  the  Proceedings  of  the  Society  ior  Experimental  Biology  and  Medicine, 

1914,  xi,  pp.  78-80. 
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Modifications  of  the  Abel  vividiffusion  apparatus. 

By  W.  G.  MacCallum,  M.D.  and  R.  A.  Lambert,  M.D. 

[Department  of  Pathology,  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.] 

The  apparatus  for  the  study  of  the  circulating  blood  by  a 
process  of  diffusion  devised  by  Drs.  Abel,  Rowntree  and  Turner 
has  impressed  us  as  such  a  briUiant  stroke  of  inventive  genius  that 
we  have  hastened  to  imitate  it  and  apply  it.  The  scope  of  this 
method  is  perhaps  not  yet  fully  appreciated,  but  it  has  interested 
us  particularly  in  affording  a  hopeful  way  of  studying  the  inorganic 
constituents  of  the  blood,  especially  in  connection  with  tetany 
where  we  think  that  calcium  plays  a  considerable  role.  The 
results  of  these  experiments  are  as  yet  entirely  incomplete  but  we 
wish  to  describe  several  modifications  in  the  technique  which  may 
have  been  tried  and  discarded  by  Dr.  Abel  but  which  seem  to  us 
to  be  helpful. 

The  branched  glass  end  pieces  which  allow  the  current  of  blood 
a  choice  of  several  paths  are  extremely  difficult  to  make  and  are 
very  fragile.  Unless  they  are  made  very  precisely,  one  path  be- 
comes easier  than  another  in  which  blood  may  circulate  slowly  or 
stagnate.  With  this  arrangement  blood  passes  once  only  through 
the  length  of  the  apparatus  and  back  again,  but  since  the  stream 
bed,  with  these  many  possible  channels,  is  very  wide,  the  current 
must  be  relatively  slow. 

We  have  constructed  two  or  three  machines  in  which  the  blood 
circulates  back  and  forth  eight  or  ten  times  before  returning  to 
the  vein.  In  the  first  model  the  connections  were  made  as  in  a 
steam  radiator  with  "U"  tubes  of  glass  set  in  discs  of  hard  rubber 
fixed  on  a  central  glass  rod.  All  this  was  enclosed  in  a  water 
jacket.  In  spite  of  our  fear  that  the  blood  pressure  might  be 
insufficient  to  force  the  blood  through  this  long  course  (about  80 
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inches)  it  works  well,  and  we  have  carried  on  an  experiment  for 
five  hours.  The  difficulty  in  preventing  leaks  where  the  celloidin 
tube  is  tied  on  the  glass  we  have  obviated  by  first  wrapping  the 
joint  with  rubber  adhesive  plaster  and  then  tying.  The  difficulty 
in  tying  on  the  tubes  of  the  inner  row  when  the  "U"  tubes  are 
ranged  round  a  disc,  we  have  removed  by  spreading  out  the  "U" 
tubes  flat  in  a  square  frame  made  of  rubber  and  glass  which  can 
be  turned  over  when  it  is  necessary  to  tie  the  lower  row.  When 
the  sheaf  of  tubes  is  enclosed  in  a  water  cylinder  plugged  at  both 
ends,  it  is  impossible  to  remedy  a  leak  except  by  stopping  the 
experiment,  but  we  have  simply  laid  our  square  frame  in  an  enamel 
pan  of  the  fluid  covered  with  a  glass  lid  and  can  reach  any  part 
of  it  at  any  time  without  disturbing  the  circulation. 

Hirudin  is  very  expensive  and  we  have  therefore  defibrinated 
the  blood  of  our  animals  realizing  the  possible  objections  to  this. 
Instead  of  starting  with  the  celloidin  tubes  full  of  salt  solution 
they  are  filled  with  defibrinated  blood  of  another  normal  dog  and 
enough  of  this  is  kept  in  a  funnel  or  tank  connected  with  the  inlet 
tube  to  allow  some  blood  from  the  machine  to  run  through  the 
outlet  tube  into  the  vein  while  a  similar  amount  is  bled  from  the 
carotid  and  defibrinated.  This  is  poured  into  the  funnel  and  the 
process  repeated  till  the  blood  no  longer  clots  when  the  inlet  tube 
is  connected  with  the  carotid  canula  and  circulation  proceeds. 
So  rapid  is  the  torrent  of  blood  through  such  a  continuous  channel 
that  we  have  twice  connected  the  inlet  and  outlet  tubes  directly 
with  artery  and  vein  without  defibrinating  and  kept  up  the  circula- 
tion for  an  hour  without  the  formation  of  any  clot.  If  the  blood 
pressure  sinks,  through  faulty  etherization  or  other  reason  the 
blood  clots,  as  happened  in  another  experiment. 

The  most  important  and  difficult  part  of  the  problem  is  the 
calculation  of  the  proper  fluid  in  which  to  immerse  the  apparatus. 
In  our  effort  to  abstract  calcium  we  have  tried  several  and  are  at 
present  using  a  fluid  calculated  to  correspond  as  closely  as  possible 
with  Abderhalden's  published  analysis  of  the  inorganic  constituents 
of  the  dog's  blood  with  the  omission  of  the  calcium. 

With  this  apparatus  dialysis,  at  least  in  so  far  as  the  inorganic 
substances  are  concerned,  is  rapid  and  satisfactory. 


TlTTspaper  was  read  at  the  Seventeenth  International 

Congress  of  Medicine,  London,  August  1913.  ks- 

[Friday  Morning,  August  8] 
Chairman — Professor  J.  Lorrain  Smith,  M.D.,  F.R.S. 

SECTION  III 

GENERAL   PATHOLOGY   AND 
PATHOLOGICAL  ANATOMY 

INDEPENDENT  PAPER 

ON  CERTAIN  RELATIONS   BETWEEN  LIPOID 
SUBSTANCES  AND  THE  ADRENALS 

By  Dr.  HL'GH  A.  STEWART/  New  York 

The  function  of  the  adrenal  gland  and  especially  of  the  adrenal  cortex 
has  for  so  long  been  a  subject  of  dispute  that  any  evidence  bearing  upon 
it  must  be  welcome.  In  the  course  in  pathological  physiology'  given  to 
the  students  in  1912  an  attempt  was  made  to  demonstrate  the  character 
of  the  rapidly  fatal  effects  of  extirpation  of  both  adrenal  glands.  Rats 
were  used  in  this  experiment,  although  it  is  well  knovMi  that  thej'  often 
survive  the  operation  because  they  so  often  possess  accessory  glands. 
Of  these  experiments  one  which  resulted  in  the  longest  sur\'ival  of  the 
animal  proved  to  have  been  the  case  of  a  pregnant  rat.  This  was  at  any 
rate  sufficient  to  suggest  the  possibility  that  pregnancy  might  have  some 
influence  upon  the  course  of  the  symptoms,  and  similar  operations  were 
performed  on  other  animals,  chiefly  cats  and  rabbits  with  a  few  guinea- 
pigs.  The  results  may  be  presented  in  tabular  form  for  brevity,  but  it 
may  be  said  that  in  most  instances  the  pregnant  and  lactating  animals 
sur\ived  the  extirpation  of  the  adrenal  glands  much  longer  than  normal, 
non-pregnant,  or  male  animals.  It  would  perhaps  be  less  confusing  to 
eliminate  from  the  table  all  animals  which  died  of  infection,  anaesthesia, 
or  from  such  accidental  causes,  because  in  these  the  reason  for  death 
was  so  obvious  that  they  detracted  hardly  at  all  from  the  clear  impression 
that  if  the  adrenal  extirpation  were  performed  completely  and  without 

'  Dr.  Stewart  died  of  scarlet  fever  on  March  29  after  a  brief  illness,  leaving 
behind  him  no  connected  account  of  the  work  in  which  he  was  engaged.  The 
essential  observations  had  been  made  some  months  before  his  death,  but  he  hesitated 
to  publish  any  statement  concerning  them  until  he  could  gather  confirmatorj^  evidence 
of  their  correctness  through  several  methods  of  attack.  Only  a  small  part  of  the 
experiments  which  he  had  planned  had  been  entered  upon  when  he  died,  and  prac- 
tically nothing  was  completed  to  his  satisfaction.  Nevertheless,  although  he  was  by 
no  means  ready  to  pubhsh  his  results,  it  seems  best  to  me  to  do  so  now  as  well  as  I 
can  from  the  notes  which  he  left.  His  opinions  and  impressions  are  in  a  great  part 
lost,  but  it  will  be  possible  to  indicate  in  a  general  way  the  trend  of  his  thought  with 
regard  to  the  facts  observed.  It  is  hoped  that  we  may  be  able  to  work  out  to  some 
conclusion  later  the  several  problems  which  he  had  encountered. — W.  G.  MacC.\llum. 
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infection,  the  animal  would  live  quite  comfortably  and  without  untoward 
sj-mptoms  for  a  much  longer  time  than  the  control.  Even  when  all  cases 
are  considered  the  average  duration  of  life  in  the  pregnant  and  lactating 
animals  is  4-4  days  as  contrasted  with  2-25  days,  which  is  the  average  for 
the  controls. 

If  now  we  accept  only  those  cases  both  in  controls  and  in  pregnant 
and  lactating  animals  which  were  not  confused  by  infections  and  ac- 
cidents, we  should  have  the  following  table  for  cats : 


Cat  I 
Cat  2 
Cat  18 
Cat  20 

Cat  23 


Cat  I 
Cat  8 
Cat  10 

Cat  12 


TABLE  IV 

First  Series 


Lived  after  operation. 
Days. 


Lactating 
Lactating 
Lactating 
Pregnant 
Pregnant 


Second  Series. 
Pregnant 
Pregnant 
Pregnant 
Lactating 


10 
II 

6  (infected 

7 
10 


Loss  of  weight. 


300 
300 
500 


7  (infection)  j 
.■\verage  7^2  daj's 


Controls 


Lived  after  opera- 
tion.    Days. 

Lived  after  opera- 
tion.   Days. 

Cat    I 

Normal 

I 

Cat  22 

Normal 

I 

Cat    4 

Normal 

Cat  2  3 

Normal 

i 

Cat    7 

Normal 

3 

Cat  25 

Normal 

3 

Cat   8 

Normal 

2 

Cat  26 

Normal 

2 

Cat    9 

Normal 

4 

Cat  30 

Normal 

I 

Cat  12 

Normal 

I 

Cat  32 

Normal 

3 

Cat  14 

Normal 

2-5 

Cat  3.^        . 

Normal 

3 

Cat  16 

Normal 

I 

Cat  43 

Normal 

2 

Cat  17 

Normal 

I 



Cat  21 

Normal 

I 

Average  2-2  days. 

It  is  not  only  in  the  duration  of  life,  however,  that  the  differences 
become  apparent,  for  the  apathy,  lowering  of  temperature,  weakness, 
and  phenomenally  rapid  loss  of  weight  are  all  much  delayed  and  mitigated 
in  the  pregnant  or  lactating  animals  as  compared  with  the  controls. 
Nevertheless,  these  symptoms  do  appear  gradually  and  the  loss  of  weight 
may,  since  the  animal  lives  longer,  be  greater  than  in  the  case  of  the 
controls.  The  temperature  usually  falls  several  degrees,  and  in  those 
animals  which  lived  longest  it  reached  a  very  low  point  (as  in  Cat  2  of 
Table  I,  where  it  stood  at  28°  C.  during  the  day  before  death).  The  animal 
is  unwillintr  to  move  and  lies  huddled  with  its  head  sunken  so  that  its 
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nose  touches  the  floor.  It  will  not  jump  off  a  table  and  if  pushed  off  falls 
awk\vardl\-  with  its  legs  doubled  under  it.  Occasionally  distinct  twitchings 
of  the  muscles  were  observ'ed,  but  the  electrical  excitability  of  the  nerves 
was  not  ascertained. 

In  several  experiments  to  determine  the  effects  of  loss  of  the  adrenals 
upon  the  heart,  the  hearts  of  normal  and  adrenalectomized  animals  were 
perfused  side  by  side  under  conditions  otherwise  exactly  identical.  No 
difference  in  their  behaviour  could  be  observed  ;  they  beat  at  practically 
the  same  rate  and  for  the  same  length  of  time. 

Under  such  circumstances  there  seemed  to  be  several  possible  factors 
which  must  be  considered  in  attempting  to  explain  the  protective  influence 
of  pregnancy  or  lactation.  It  was  thought  (i)  that  the  existence  of  the 
corpora  lutea  might  compensate  for  the  loss  of  the  adrenals,  since  there 
is  some  vague  resemblance  between  them,  or  (2)  that  the  functional 
activity'  of  the  mammary  glands  might  in  some  way  act  as  a  compensatory 
factor.  Finally  (3)  there  are  various  chemical  changes  in  the  circulating 
fluids  and  in  the  tissues  of  the  body  in  pregnancy,  notably  an  accumulation 
of  lipoid  substances,  which  might  make  such  an  animal  less  susceptible 
to  the  loss  of  the  adrenals.  None  of  these  hypotheses  has  been  worked 
out  carefully.  In  only  two  cats,  Nos.  16  and  20  of  Table  I,  were  the  ovaries 
removed  in  addition  to  the  adrenals.  In  one  of  these,  16,  which  was  preg- 
nant, and  had  kittens  before  the  adrenals  were  destroyed,  death  resulted 
the  day  after  the  removal  of  the  second  adrenal.  In  the  other  (No.  20) 
the  cat  seems  to  have  lived  seven  days  after  the  removal  of  the  second 
adrenal.  Such  experiments  are  too  incomplete  to  allow  of  any  conclusion 
on  this  point. 

No  experiments  designed  to  eliminate  the  possible  influence  of  lactation 
were  cariied  out.  A  good  deal  of  attention  was  paid,  however,  to  the 
distribution  of  lipoid  substances  in  the  organs  of  these  adrenalectomized 
animals,  and  it  became  quite  e\adent  that  in  many  of  them  there  occurred 
in  the  liver  and  sometimes  in  the  kidney  pale  yellowish  blotches  which,  on 
examination  with  the  polarizing  microscope,  proved  to  be  due  to  the 
presence  of  doubly  refracti\-e  globules,  which  disappeared  on  heating  and 
returned  on  coohng.  These  masses  were  not  always  endowed  with  the 
same  brilliant  double  refractivity,  but  sometimes  showed  the  Maltese 
cross  only  \'aguely.  In  other  cases,  however,  the  appearance  came  out 
with  the  utmost  clearness.  Strangely  enough,  it  was  onl}'  in  the  control 
animals  that  this  was  studied.  In  cats  23,  25,  26,  28,  31,  34  the  doubly- 
refractive  granules  were  found,  while  they  were  missed  in  Nos.  32  and  33 
On  account  of  their  physical  characters  they  were  thought  to  be  cholesterin 
esters.  Efforts  were  made  to  apply  micro-chemical  reactions  by  the 
methods  of  Ciaccio,  Fischler,  Smith  and  others  to  determine  more  exactly 
the  character  of  these  substances,  but  they  led  to  no  satisfactory  results 
at  the  time  when  they  were  interrupted.  It  was  also  attempted  to  isolate 
the  different  lipoid  substances  by  the  aid  of  solvents  applied  to  frozen 
sections  followed  by  staining  methods,  but  although  this  seemed  promising 
III  Q  2 
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it  was  not  completed.    The  recorded  results  may  be  seen  in  the  following 
table  : 

TABLE  V 


Anittial. 

Organ. 

Smith. 

Ciaccio. 

Neutral 
red. 

Fischler. 

Polariza- 
tion. 

36 

Liver 

+ 

+ 

37 

Liver 

+ 

+ 

32 

Liver 

+ 

33 

Kidney 

— 

— 

33 

Liver 

+ 

— 

39 

Liver 

+ 

— 

— 

-- 

39 

Kidney 

+ 

— 

— 

— 

43 

Liver 

+ 

— 

— 

43 

Kidney 

+ 

— 

■ 

- 

Normal  cat 

Liver 

+ 

— 

4- 

Normal  rabbit 

Liver 

+ 

— 

_ 

Normal  rabbit 

Liver 

+ 

- 

— 

- 

The  impression  was  gained  that  reliance  could  be  placed  only  m 
actual  chemical  estimations  of  the  amounts  of  each  fat  present  in  the 
organ,  since  the  staining  methods  seem  so  uncertain  and  overlap  to  sucli 
an  extent.  Cholesterin  determined  by  the  Windaus  digitonin  method 
gave  as  a  result  in  the  blood  of  a  normal  cat  0-064  "o  of  free  cholesterin. 
The  blood  of  two  cats  (Table  III,  50  and  52)  from  which  the  adrenals 
had  been  removed  gave  0-0364  %  of  free  cholesterin  (0-076  %  of  combined 
cholesterin).  Several  possibilities  of  error,  connected  with  the  e.\traction, 
saponification,  &c.,  must  be  considered  in  further  studies  of  this  sort. 
At  least  the  result  seemed  to  show  a  poverty  of  cholesterin  esters  in  the 
circulating  blood  of  the  adrenalectomized  animals. 

On  this  account,  and  since  it  is  known  that  cholesterin  esters  appear  in 
increased  quantity  in  the  circulating  blood  of  pregnant  and  lactating 
animals,  it  seemed  possible  that  the  protective  influence  of  pregnancy  in 
cases  of  adrenal  destruction  might  be  imitated  by  the  artificial  introduction 
of  cholesterin  esters.  Defibrinated  blood,  egg-yolk,  &c.,  were  injected  with- 
out result  and  cats  were  fed  on  egg-yolk  without  appreciable  effect. 
Lanolin  proves  to  be  composed  essential^  of  a  mixture  of  cholesterin 
esters,  and  this  was  injected  subcutaneously  in  Cat  51,  beginning  after  the 
removal  of  the  second  adrenal.  The  animal  received  3-5  grm.  of  lanolin 
subcutaneously  every  day.  The  effect  was  quite  wonderful,  for  no  sign 
of  weakness  appeared,  and  although  it  did  not  cat  much  it  remained  tn 
all  appearances  well  for  fifteen  days.  The  temperature  was  about  37 
or  38°  C.  throughout,  and  after  five  or  six  days  its  appetite  returned  and 
it  ate  ravenously.  The  contrast  between  this  cat,  which  ran  to  meet  one 
at  the  door,  and  the  others,  which  lay  apathetic  and  cold  in  a  corner, 
was  very  striking.  On  the  fifteenth  day  the  temperatine  fell  to  36-8°  and 
the  cat  died  in  the  night.  At  autopsy  there  was  no  infection,  but  the  oil 
was  found  in  large  amount  in  the  intcr-nuiscular  tissues.  No  remnants 
of  adrenal  nor  accessories  were  to  be  found.    Cat  54,  treated  in  the  same 
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'.vay,  remained  alive  for  four  daj's  after  the  second  operation,  but  developed 
pneumonia  and  was  killed.  Cat  55  lived  three  days  and  died  of  pneumonia, 
(^at  56  lived  five  days  with  some  symptoms  of  weakness  the  day  before 
death  occurred.    No  note  of  an  autopsy  was  made. 

While  quite  incomplete,  this  interrupted  series  is  given  because  it 
seems  most  important  in  pointing  out  in  a  direct  way  the  probable  relation 
between  the  function  of  the  adrenal  and  the  presence  of  cholesterin  esters 
in  the  blood.  The  conclusions  to  be  drawn  from  these  observations  aie 
not  obvious,  however.  It  cannot  be  stated  that  the  adrenals  form 
cholesterin  esters  which  are  deficient  in  their  absence.  It  might  be  that 
the  protective  influence  of  the  cholesterin  esters  in  neutralizing  some 
poisonous  material  (as  shown  in  the  case  of  chloroform  or  saponin  poisoning) 
is  necessary  in  the  blood,  and  that  the  adrenal  cortex  stores  up  these 
hpoids  for  that  reason.  At  any  rate  in  the  presence  of  abundant  cholesterin 
esters  in  the  blood  the  loss  of  the  adrenal  cortex  is  felt  more  slowly.  The 
observations  are  therefore  presented  without  any  definite  conclusion  in 
the  hope  that  the  further  stud}'  of  these  phenomena  may  give  a  more 
certain  basis  for  such  a  conclusion. 

Most  of  the  earlier  experiments  were  carried  out  with  the  aid  of 
Dr.  S.  C.  Harvey,  whose  assistance  was  greatly  appreciated. 


no"^ 
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SOAPS  AS  FERMENT-INHIBITING  AGENTS. 
Studies  on  Ferment  Action.     X.* 

Bv  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

(From  the  Defarlment  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

The  use  of  the  antitryptic  index  of  the  blood  as  a  cHnical  test, 
particularly  in  cancer,  and  the  pathological  conditions  in  which 
ferment  action  appears  to  be  held  in  abeyance,  especially  in  caseation 
in  tuberculosis  and  syphilis,  in  anemic  infarcts,  and  in  the  exudate 
in  lobar  pneumonia,  make  the  study  of  ferment-inhibiting  substances 
of  great  importance.  ]\Iany  substances  are  considered  to  have  the 
property  of  inhibiting  the  activity  of  enzymes,  but  in  this  paper  we 
shall  refer  chiefly  to  the  proteolytic  enzymes  acting  in  an  alkaline 
medium. 

Trypsin  and  leucoprotease  lose  their  activity  when  heated  at  temperatures 
above  60°  C,  though  according  to  Salkowski  (l)  trypsin  when  dry  can  be 
heated  to  160°  C.  without  being  destroyed.  Strong  acids  and  alkalies  quickly 
destroy  trypsin,  but  Chittenden  and  Cummins  (2)  found  it  much  more  resistant 
to  these  agents  in  the  presence  of  protein.  Kudo  (3)  states  that  all  the  mineral 
acids  are  active  in  this  respect,  sulphuric  acid  being  active  in  a  dilution  of  one 
in  a  thousand,  while  the  organic  acids  are  much  less  so.  Weiss  (4)  reports  that 
while  0.05  per  cent,  sodium  chloride  increases  the  activity  of  trypsin,  10  per 
cent,  decreases  it.  Most  of  the  writers  who  have  investigated  the  subject  find 
that  chloroform,  toluol,  and  thj'mol  inhibit  the  action  of  trypsin  to  a  slight 
degree,  but  the  necessity  of  a  preservative  in  their  experiments  caused  most 
workers  to  ignore  this  slight  inhibition.  Bayliss  (5)  and  Abderhalden  and 
Gigon  (6)  found  that  some  of  the  products  of  tryptic  activity  possess  the  prop- 
erty of  inhibiting  the  action  of  the  ferment,  the  free  amino  acids  being  more 
active  than  the  polypeptids.  It  has  been  known  for  several  years  that  blood 
serum  is  capable  of  inhibiting  the  proteolytic  power  of  trypsin,  but  in  spite  of 
the  work  of  Camus  and  Gley  (7),  Charrin  and  Levaditi  (8),  Landsteiner  (9), 
and  others,  we  are  still  ignorant  concerning  its  nature  and  significance. 

In  the  course  of  our  studies  on  ferment  action  we  observed  that  soaps  of 
certain  fatty  acids  were  capable  of  inhibiting  the  action  of  trypsin  and  leucopro- 
tease. This  observation  seemed  to  be  of  importance,  as  soaps  of  a  similar  nature 
are  present  in  the  body,  and  the  possibility  of  their  acting  in  the  same  manner 

*  Received  for  publication,  December  23,  1913. 

239 


240  Soaps  as  Ferment -Inhibiting  Agents. 

caused  us  to  make  a  more  careful  study  of  the  general  phenomena  relating  to 
the  inhibition  of  ferment  activity  by  these  substances. 

Neumann  (lo),  while  studying  the  influence  of  a  fat-rich  diet  on  the  diges- 
tion of  infants,  observed  that  sodium  oleate  inhibited  the  action  of  trypsin.  For 
most  of  his-  work  he  used  the  Fuld-Gross  technique.  In  some  of  our  prelimi- 
nary experiments  we  used  the  same  technique,  but  soon  discarded  it  in  favor 
of  the  one  which  will  be  described  later.  According  to  the  Fuld-Gross  method 
the  mixture  of  ferment  and  substrate  is  incubated  for  two  hours  and  then  made 
slightly  acid  by  adding  a  few  drops  of  a  solution  containing  5  per  cent,  acetic 
acid  in  50  per  cent,  alcohol.  The  amount  of  digestion  is  determined  by  the 
degree  of  cloudiness,  the  more  complete  the  digestion  the  clearer  the  contents 
of  the  tube  after  acidifying.  Subsequent  experience  convinced  us  of  the  unre- 
liability of  this  method,  particularly  when  dealing  with  lipoidal  substances.  The 
acidifying  not  only  coagulates  the  undigested  protein,  but  also  causes  the  lipoidal 
substances,  particularly  the  fatty  acids,  to  separate  as  flocculi,  a  condition  which 
makes  it  impossible  to  determine  the  extent  of  proteolysis.  Neumann  added  an 
excess  of  alcohol  to  cause  a  solution  of  the  precipitated  acids  and  thus  solved 
one  difiiculty;  but  he  added  another  by  diluting  the  protein  to  such  a  degree  that 
it  became  a  problem  to  determine  the  extent  of  proteolysis. 

Two  ferments,  trypsin  and  leucoprotease,  were  used  in  our  work. 
The  trypsin  was  obtained  by  extracting  commercial  pancreatin  with 
N/50  sodium  carbonate.  After  extraction  for  twenty-four  hours, 
the  soKition  was  filtered,  and  the  trypsin  in  the  filtrate  precipitated 
by  the  addition  of  nine  volumes  of  alcohol  to  which  sufficient  acetic 
acid  had  been  added  to  make  the  whole  mixture  slightly  acid  to  lit- 
mus. This  extraction  and  precipitation  was  repeated  three  times. 
The  final  product  was  much  stronger  than  the  original  and  the  amount 
needed  to  cause  complete  digestion  in  the  control  tubes  did  not  con- 
tain sufficient  nitrogen  to  give  a  definite  color  when  Nesslerized. 
The  leucoprotease  was  prepared  from  human  pus  in  the  same  man- 
ner, but  the  amount  required  to  cause  complete  digestion  in  the  con- 
trol tubes  contained  more  nitrogen  than  the  concentrated  trypsin. 
In  each  experiment  the  amount  of  nitrogen  was  determined  in  the 
control  tubes  and  proper  correction  made  in  calculating  the  amount 
of  total  incoagulable  nitrogen. 

Edestin  was  used  as  a  substrate  for  several  experiments,  but  later 
it  was  discontinued  in  favor  of  a  i  per  cent,  casein  solution,  the  lat- 
ter being  much  more  soluble  in  an  alkaline  medium,  and  in  addition 
it  was  noted  in  precipitating  the  coagulable  protein  that  a  slight 
excess  of  acid  caused  the  edestin  precipitate  to  redissolve.  After 
being  incubated  for  the  necessary  time,  the  contents  of  the  tubes 
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were  acidified  with  a  mixture  containing  lo  per  cent,  glacial  acetic 
acid  and  20  per  cent,  sodium  chloride,  and  the  tubes  placed  in  boil- 
ing water  for  five  to  ten  minutes.  The  mixtures  were  then  filtered 
through  kaolin  and  the  incoagulable  nitrogen  was  determined  by  the 
method  recommended  by  Folin  (11).  The  amount  of  nitrogen 
found  in  the  control  tubes  was  subtracted  from  each  of  the  others 
and  the  results  were  given  in  percentages  of  total  digestion. 

The  time  allowed  for  incubation  was  not  the  same  in  all  experi- 
ments. In  our  preliminary  work  we  found  that  the  concentrated 
trypsin,  prepared  as  described  above,  deteriorated  rapidly  when  once 
dissolved.  For  this  reason  the  trypsin  solution  was  prepared  imme- 
diately before  being  used,  one  cubic  centimeter  representing  0.002 
of  a  gram  of  trypsin.  Several  tubes  containing  only  casein  and 
trypsin  were  placed  in  the  incubator  at  the  same  time  as  the  tubes  or 
flasks  containing  the  mixtures  of  soaps.  One  of  the  tubes  contain- 
ing casein  and  trypsin  was  removed  after  one  hour  and  tested.  After 
that  the  other  tubes  were  removed  at  intervals  of  fifteen  minutes, 
also  tested,  and  as  soon  as  digestion  was  found  to  be  complete  the 
remainder  were  immediately  removed,  acidified,  and  boiled. 

The  protocols  are  not  given  for  each  experiment  as  the  charts 
present  the  results  more  clearly.  Table  I  gives  the  number  of  con- 
trols used  in  each  experiment,  and  also  the  amount  of  nitrogen  ob- 
tained by  complete  digestion  and  as  a  result  of  the  inhibiting  action 
of  the  soaps.' 

In  most  instances  we  did  not  know  the  identity  of  the  acids  used 
in  the  preparation  of  the  soaps,  but  the  isolation  and  identification 
of  these  with  further  work  on  their  ferment-inhibiting  action  is  now 
under  way.  The  three  supposedly  pure  soaps  were  Kahlbaum's 
preparations,  and  consisted  of  sodium  oleate,  sodium  palmitate,  and 
sodium  stearate.  On  examination  we  found  that  the  sodium  oleate 
had  become  saturated,  making  it  useless  as  an  oleate,  though  it  was 
used  in  several  experiments  as  a  representative  of  the  saturated 
fatty  acids. 

The  majority  of  the  soaps  were  obtained  by  saponifying  linseed, 
olive,  cod-liver,  hempseed,  and  castor  oils,  as  these  oils  are  known 
to  contain  a  large  number  of  unsaturated  fatty  acids.  The  oils 
were  saponified  with  alcoholic  potash,  and  the  soaps  extracted  re- 
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peatedly  with  petroleum  ether.  The  acids  were  then  liberated  by 
hydrochloric  acid,  taken  up  in  ether,  the  ether  evaporated,  and  the 
acids  again  saponified.  This  process  was  repeated  and  the  acids 
were  preserved  pure  until  needed.  The- soaps  used  in  the  work  were 
rarely  more  than  two  or  three  days  old. 

Later  when  it  was  found  that  the  unsaturated  fatty  acids  were  the 
active  inhibiting  agents,  the  lead  soap-ether  method  of  obtaining 
these  in  higher  concentrations  was  used.  The  separation  of  the 
saturated  and  unsaturated  fatty  acids  by  this  method  is  not  com- 
plete, but  is  sufficiently  so  to  enable  us  to  show  marked  difference 
between  the  action  of  the  ether-soluble  and  insoluble  fractions.     In 
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Text-Fig,  i.     Effect  of  sodium  oleate  on  tryptic  and  leucoproteolytic  digestion. 

nearly  every  instance  the  iodin  value  of  the  preparations  was  de- 
termined before  they  were  used. 

One  of  the  first  soaps  investigated  was  that  prepared  from  olive 
oil.  Its  influence  on  leucoprotease  and  trypsin  is  shown  in  text- 
figure  I.  In  this  experiment  the  soap  and  ferment  were  mixed, 
incubated  for  thirty  minutes  at  37°  C,  and  the  casein  was  then  added. 
This  procedure  was  adopted  in  all  the  subsequent  experiments. 
Text-figure  i  shows  that  even  0.00 1  of  a  gram  of  the  soap  is  suffi- 
cient to  affect  materially  the  activity  of  both  ferments.  In  this  and 
in  subsequent  charts  the  control  tubes  showing  100  per  cent,  of 
digestion  are  not  given. 
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Efforts  were  then  made  to  determine  if  the  inhibiting  action  dis- 
played by  these  soaps  was  due  to  the  saturated  or  unsaturated  fatty 
acids  present.  Soaps  from  nearly  all  the  oils  were  tested  in  a 
similar  manner,  but  as  uniform  results  were  obtained,  we  shall  give 
only  one  example.     Text-figure  2  shows  the  results  obtained  with 


Per 

cent.     0.02 
gm. 

100 


o.oi 
gm. 


0.003 
gm. 


0.0025 
gm. 


o.ooi 
gm. 


0.0007s     0.000s 
gm.  gm. 


0.0002s 
gm. 


o.oooi 
gm. 


Saturated 
(iodin  value  IS)   "o 

60 

SO 

40 

30 


Unsaturated 
Codmvaluei40) 

Original 
(iodin  valueioo) 


--_ 





......4 A 

L 

Text-Fig.  2.     Effect  of  saturated  and  unsaturated  linseed  soaps  on  tryptic  digestion. 

the  soap  prepared  from  linseed  oil.  The  ether-lead  soap  method 
was  used  in  separating  the  groups  of  acids.  The  chart  indicates 
that  the  unsaturated  fatty  acids  are  the  active  inhibiting  agents.  It  is 
well  known  that  the  ether-lead  soap  method  does  not  give  a  complete 
separation  of  the  saturated  and  unsaturated  fatty  acids,  and  this 
probably  explains  why  the  saturated  fraction,  the  ether-insoluble 
lead  soaps,  still  retained  about  one  fourth  of  its  inhibiting  action, 
whereas  the  unsaturated  fraction,  the  ether-soluble  lead  soap,  now 
caused  complete  inhibition. 

During  the  progress  of  the  work  we  obtained  three  of  Kahlbaum's 
supposedly  pure  soaps,  sodium  oleate,  sodium  palmitate,  and  sodium 
stearate.  The  results  obtained  with  these  three  soaps  and  with  one 
prepared  by  ourselves  from  olive  oil  are  shown  in  text-figure  3. 
The  iodin  value  of  the  linseed  oil  soap  prepared  by  us  was  90. 

Our  previous  experiments  indicated  that  the  soaps  of  all  the  un- 
saturated fatty  acids  acted  as  inhibiting  agents.    We  were  therefore 
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surprised  to  note  that  the  Kahlbauin  sodium  oleate  was  inactive. 
The  sokition  of  the  problem  was  soon  found,  the  sodium  oleate  had 
no  iodin  value ;  in  other  words,  the  oleic  acid,  through  age  or  some 
other  cause,  had  become  saturated.  The  sodium  soaps  of  palmitic 
and  stearic  acids,  as  we  had  anticipated,  had  no  influence  on  either 
trypsin  or  leucoprotease. 

All  our  experiments  so  far  indicate  that  the  inhibiting  agents 
present  in  the  soaps  are  the  unsaturated  fatty  acids.  The  question 
therefore  naturally  presents  itself:  Can  we  by  a  saturation  of  these 
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Text-Fig.  3.     Effect  of  sodium  oleate,  sodium  stearate.  and  sodium  palmitate 
on  tryptic  digestion. 


free  bonds  with  iodin,  for  instance,  destroy  the  inhibiting  action 
and  cause  them  to  act  like  the  soaps  prepared  with  stearic,  palmitic, 
and  other  saturated  acids  ? 

The  results  of  one  of  the  experiments  made  to  enlighten  us  on 
this  point  are  given  in  text-figure  4.  This  experiment  was  con- 
ducted with  the  ether-soluble  lead  soap  fraction.  To  five  cubic 
centimeters  of  a  i  per  cent,  solution  of  the  soap  were  added  0.05  of 
a  gram  of  iodin  and  a  few  crystals  of  iodide  of  potassium,  and  the 
mixture  was  permitted  to  stand  over  night.  The  following  morning 
it  was  shaken  repeatedly  with  chloroform,  until  fresh  portions  of  the 
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latter  remained  clear,  showing  that  there  was  no  more  free  iodin. 
Text-figure  4  shows  the  action  of  the  unsaturated  soap  before  and 
after  it  was  treated  with  iodin.  Repeated  tests  had  already  shown 
that  the  small  amount  of  iodin  which  might  still  remain  would  have 
a  slight  inhibiting  action.  This  would  explain  why  the  soap  still 
had  some  inhibiting  action,  though  it  may  also  be  due  to  the  fact 
that  the  acids  were  not  completely  saturated.  The  results  of  satu- 
rating the  free  carbon  bonds  are  so  obvious  as  to  call  for  no  com- 
ment, and  also  explain  why  the  commercial  sodium  oleate  was 
inactive. 

Similar  experiments   made   with  sodium  soaps   of  unsaturated 
fatt}'  acids  obtained  from  other  sources  indicated  that  the  inhibiting 
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Text-Fig.  4.     Effect  of  saturation  of  unsaturated  linseed  soaps  with  iodin. 


action  was  due  to  the  degree  of  unsaturation  and  that  it  could  be 
almost  entirely  removed  by  saturation  with  iodin. 

Our  next  experiments  were  made  to  determine  whether  the  activ- 
ity of  the  various  soaps  was  dependent  upon  the  number  of  unsatu- 
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rated  bonds,  as  determined  by  their  iodin  values,  or  whether  certain 
ones  containing  an  equal  number  of  unsaturated  bonds  were  more 
active. 

In  this  experiment  soaps  prepared  from  Jinseed  oil,  hempseed 
oil,  castor  oil,  olive  oil,  croton  oil,  and  cod-liver  oil  were  used.  After 
their  respective  iodin  values  had  been  determined,  they  were  made 
up  in  such  strengths  that  one  cubic  centimeter  of  each  had  the  same 
iodin  value;  thus  croton  oil  soap  having  less  than  half  the  value  of 
the  linseed  oil  soap  was  made  up  twice  as  strong.     Text-figure  5 
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2  =  sodium  oleate. 
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5  =:  hempseed  soap. 
6:=  cod-liver  oil  soap. 
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activity. 


Relation  of  iodin  value  to  inhibiting  action  of  soaps  on  tryptic 


gives  the  results  of  this  experiment.  The  lines  shown  on  the  chart 
indicate,  with  one  exception,  that  the  activity  of  the  soaps  is  in  pro- 
portion to  their  iodin  values. 

Here  we  have  the  first  indication  that  the  unsaturated  fatty  acids 
are  not  equally  active  as  inhibiting  agents,  for  the  soap  prepared 
from  castor  oil  appears  to  be  considerably  less  active.  The  inhibi- 
tion obtained  with  one  cubic  centimeter  was  almost  as  great  as  that 
noted  with  the  other  soaps,  but  subsequent  dilution  proved  it  to  be 


James  W.  Jobling  and  WiUiain  Petersen. 


247 


much  less  active.  With  the  exception  of  that  prepared  from  linseed 
oil,  the  soaps  used  in  this  experiment  were  not  obtained  by  the  ether- 
lead  soap  method,  and  so  their  iodin  values  were  low.  It  is  possible 
that  some  of  the  unsaturated  fatty  acids  are  much  more  active  than 
others  in  this  respect.  In  fact,  a  part  of  our  recent  work  indicates 
that  those  obtained  from  a  certain  source  are  much  more  active  than 
any  of  those  we  have  just  discussed. 

In  the  preceding  experiments  it  has  been  demonstrated  that  0.005 
of  a  gram  of  the  linseed  oil  soap  was  sufficient  to  prevent  the  action 
of  the  standard  amount  of  trypsin.  It  was  also  found,  in  the  stand- 
ard proportions  of  ferment  and  substrate  used,  that  the  inhibiting 
action  was  still  present  in  tubes  containing  much  smaller  amounts. 
In  fact  complete  digestion  was  first  obtained  in  the  tube  containing 
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Text-Fig.  6.     Effect  of  increasing  amounts  of  trypsin  with  single  unit  of  soap. 


0.000 1  of  a  gram.  In  our  next  experiment  we  wished  to  find  out 
if  the  smallest  amount  of  soap  producing  nearly  complete  inhibition 
with  the  standard  amounts  of  trypsin  and  casein  would  have  any 


influence  on  larger  amounts  of  the  ferment. 


Text-figure  6  shows 
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the  innuence  of  the  soap  on  increasing  amounts  of  the  ferment. 
O.I  of  a  cubic  centimeter  of  the  ferment  sohition  caused  complete 
digestion  in  the  control  tube.  The  demonstration  that  such  a  small 
amount  of  soap,  0.005  o^  ^  gram,  was  able  to  affect  materially  the 
action  of  ten  times  the  standard  amount  of  ferment,  indicates  the 
great  activity  of  these  substances  as  inhibiting  agents. 

In  the  previous  experiments  we  have  shown  that  the  unsaturated 
fatty  acids  inhibit  proteolysis  in  an  alkaline  medium  and  that  the 
degree  of  inhibition  bears  a  close  relation  to  their  iodin  values,  but 
these  experiments  do  not  give  us  much  information  as  to  how  the 
inhibition  is  effected.  Is  it  due  to  a  direct  and  permanent  binding 
of  the  ferment  with  the  unsaturated  fatty  acids,  or  to  simple  inhibi- 
tion of  ferment  action,  the  ferment  itself  not  being  destroyed?  If 
there  is  a  true  binding  it  would  lie  difficult  to  extract  the  ferment 
after  incubating  with  soap,  but  it  might  be  done  if  the  inhibition 
were  due  to  some  other  cause. 

Our  next  experiment  was  planned  with  the  hope  that  some  infor- 
mation might  be  obtained  as  to  the  nature  of  the  inhibiting  action. 
In  this  experiment  the  soaps  of  the  saturated  and  unsaturated  acids 
separated  by  the  ether-lead  soap  method  were  mixed  with  the 
ferment  and  incubated  for  thirty  minutes.  The  mixtures  were 
then  made  slightly  acid  with  hydrochloric  acid  and  extracted  with 
ether.  After  having  removed  the  ether,  the  solution  was  made 
slightly  alkaline,  the  casein  added  and  again  incubated.  One  con- 
trol tube  of  ferment  without  soap  was  treated  in  the  same  manner 
so  as  to  rule  out  the  eft'ect  of  the  acid  and  ether.  In  this  experiment 
we  wished  to  find  out  if  the  soap  simply  inhibited  the  action  of  the 
ferment  or  destroyed  it.  Table  I  gives  the  results  of  this  ex- 
periment. 

TABLE  I. 


Trypsin. 

I  per  cent,  un- 
saturated lin- 
seed soap,  iodin 
value  130. 

0 

I  percent. 

saturated  lin- 
seed soap, 

iodin  value  15. 

Sodium 
chloride 
solution. 



3.0  C.C. 

1  per  cent, 
casein. 

■  Total 

incoagulable 

nitrogen. 

Digestion. 

I 

0 

0 

2.0  C.c. 

0.04  mg. 

2  % 

2 

0.2  C.C. 

0 

0 

2.8  C.C. 

2.0  C.C. 

1.66  mg. 

100% 

.3 

0.2  C.C. 

0.5  C.C. 

0 

2.3  C.C. 

2.0  C.C. 

o.io  mg. 

6% 

4 

0.2  C.C. 

0 

0.5  C.C. 

2.3  c:c. 

2.0  C.C. 

1.30  mg. 

80% 

.S 

0.2  C.C. 

0 

0 

2.8  c.c. 

2.0  C.C. 

1.50  mg. 

-90% 

6 

0.2  C.C. 

0.5  C.C. 

0 

2.3  c.c. 

2.0  C.C. 

0.20  mg. 

12% 

7 

0.2  C.C. 

o.s  C.C. 

2.3  c.c. 

2.0  C.C. 

1.66  mg. 

100% 

James  ^y.  Johling  and  William  Petersen.  249 

The  first  four  tubes  in  the  table  are  the  untreated  controls.  The 
first  tube  shows  the  percentage  of  incoagulable  nitrogen  in  the 
casein  alone ;  the  second,  the  total  nitrogen  in  complete  digestion ; 
the  third  and  fourth  show  the  influence  of  the  saturated  and  un- 
saturated soaps  on  tryptic  activity.  Tubes  5,  6,  and  7  show  the  in- 
fluence of  acid  and  ether  extraction.  Tube  5  contained  no  soap  but 
was  treated  in  the  same  way  as  Nos.  6  and  7  to  make  certain  that 
the  method  used  had  not  destroyed  the  ferment.  Tube  6  contain- 
ing the  unsaturated  soap  shows  that  the  ferment  action  is  almost 
inhibited,  while  in  tube  7  containing  the  saturated  soap  there  is  no 
inhibition.  In  other  words,  incubating  the  ferment  with  soaps  of 
the  unsaturated  fatty  acids  for  thirty  minutes  causes  its  destruction, 
the  removal  of  the  acids  after  incubation  not  being  sufficient  to 
reactivate  the  ferment,  while  the  ferment  present  in  the  tube  con- 
taining the  saturated  acid,  though  treated  in  the  same  manner,  is 
not  destroyed. 

The  results  obtained  in  this  preliminary  study  of  the  action  of  the 
soaps  prepared  from  the  unsaturated  fatty  acids  suggest  that  they 
may  play  an  important  part  in  the  body,  particularly  in  certain 
pathological  processes.  Whether  this  inhibition  of  ferment  action 
is  due  to  a  binding  of  the  ferment  with  the  unsaturated  carbon 
atoms,  or  whether  to  some  physical  condition  brought  about  by  the 
presence  of  the  soap,  remains  to  be  determined.  If  due  to  some 
physical  condition  brought  about  by  the  presence  of  the  soap,  simi- 
lar results  ought  to  be  obtained  with  the  saturated  fatty  acids,  but 
we  have  demonstrated  that  the  latter  are  inactive  in  this  respect. 
In  addition,  the  experiments  conducted  with  soaps  saturated  with 
iodin  show  that  the  presence  of  unsaturated  bonds  are  necessary  for 
the  development  of  this  property.  Further  proof  that  this  action 
is  due  to  the  degree  of  unsaturation  is  afforded  by  text-figure  5, 
which  indicates  that  the  activity  of  the  soaps  is  proportionate  to 
their  iodin  value,  while  the  soaps  having  no  iodin  value,  sodium 
stearate  and  sodium  palmitate,  are  inactive. 

SUMMARY. 

I.  Sodium  soaps  prepared  from  olive  oil,  croton  oil,  cod-liver  oil, 
linseed  oil,  etc.,  have  the  property  of  inhibiting  the  action  of  trypsin 
and  leucoprotease. 
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2.  The  activity  of  these  soaps  is  dependent  upon  the  degree  of 
unsaturation  of  the  fatty  acids  and  is  in  proportion  to  their  iodin 
value. 

3.  Saturation  of  the  acids  with  a  halogen  (iodin)  causes  a  loss 
of  this  property. 

4.  Soaps  of  the  saturated  fatty  acids  tested  do  not  have  this  in- 
fluence on  ferments. 
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FERMENT-INHIBITING  SUBSTANCES  IN  TUBERCLE 

BACILLI. 

Studies  on  Ferment  Action.     XL* 

By  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

A  great  deal  of  work  has  been  done  in  the  attempt  to  explain  the 
processes  that  lead  to  the  production  of  caseation  in  tuberculosis. 
By  some  it  has  been  ascribed  to  anemia,  the  tubercle  being  avascular, 
and  by  others  to  the  action  of  toxins  derived  from  the  tubercle 
bacilli. 

Auclair  (l)  believes  that  the  caseation  is  due  to  specific  toxins  of  the  nature 
of  fai,  which  are  soluble  in  ether,  chloroform,  benzine,  and  xylol.  He  treated 
tubercle  bacilli  with  one  or  more  of  the  above  agents,  evaporated  the  solvents, 
and  suspended  the  extracted  substances  in  water.  These  emulsions,  when  in- 
jected into  the  subcutaneous  tissues  of  animals,  produced  typical  caseous  ab- 
scesses. When  injected  into  the  trachea  of  guinea  pigs,  caseous  areas  appeared 
in  the  lungs. 

SchmoU  (2)  analyzed  caseous  material  and  found  it  almost  free  from  pro- 
teoses, which  indicates  that  autolysis  is  slight;  but  he  does  not  explain  the  lack 
of  autolysis.  The  work  of  Schmoll  has  been-confirmed  by  others,  and  we  have 
obtained  similar  results. 

Anemia  due  to  the  occlusion  of  the  blood  vessels  may  be  an  im- 
portant factor  in  causing  caseation  in  the  chronic  forms  of  tubercu- 
losis where  the  areas  are  surrounded  by  a  layer  of  connective  tissue. 
However,  in  acute  caseous  pneumonia  in  which  there  is  a  catarrhal 
exudate  rapidh^  becoming  caseous,  some  other  explanation  appears 
to  be  necessary.  In  such  an  exudate  there  are  numerous  cells 
known  to  contain  ferments,  yet  these  die  and  disintegrate,  and,  as 
far  as  can  be  determined,  the  ferments  remain  inactive.  We  must 
therefore  look  for  some  other  factor  to  explain  the  process  of  casea- 
tion, and  this  we  believe  we  have  found  in  the  tubercle  bacillus,  a 
ferment-inhibiting  substance.     We  observed  two  years  ago  that  the 

*  Received  for  publication.  January  5,  1914. 
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antitryptic  action  of  sera  was  lost  or  greatly  decreased  when  the 
sera  were  preserved  with  chloroform.  This  observation  suggested 
to  us  the  possibility  that  the  antiferment  properties  of  the  blood 
were  due  to  substances  of  the  nature  of  lipoids,  and  the  lack  of 
autolysis  in  caseation  and  in  anemic  infarcts  to  substances  of  a 
similar  nature. 

With  this  hypothesis  we  decided  to  study  the  intluence  of  the 
ether-soluble  substances  of  tubercle  bacilli  on  proteolysis.  It  has 
been  shown  by  numerous  investigators  that  the  ether-soluble  sub- 
stances constitute  25  to  35  per  cent,  by  weight  of  the  bacilli,  and  of 
these  extracts  about  17  per  cent,  are  composed  of  fatty  acids.  Both 
human  and  bovine  tubercle  bacilli  were  used  in  the  work.' 

Our  first  experiments  were  conducted  with  ether-  and  alcohol- 
soluble  substances  obtained  from  the  tubercle  bacilli.  After  the  sol- 
vent had  been  evaporated,  the  material  remaining  was  taken  up  in 
methyl  or  ethyl  alcohol  and  suspended  in  a  0.9  per  cent,  solution  of 
sodium  chloride.  In  some  experiments  the  emulsion  was  used  just 
as  prepared;  in  others  the  alcohol  was  first  evaporated  at  low  tem- 
peratures. The  emulsion,  in  various  dilutions,  was  then  mixed 
with  trypsin,  incubated  for  thirty  minutes,  and  the  casein  added. 
As  far  as  we  could  determine  there  was  no  inhibition  of  ferment 
action. 

In  the  preliminary  experiments  we  used  the  Fuld-Gross  technique, 
but,  for  reasons  given  in  our  preceding  paper  (3),  we  soon  discarded 
it  in  favor  of  the  following.  After  incubating  the  mixtures  for  a 
certain  period  of  time,  they  were  acidified  with  a  solution  contain- 
ing 10  per  cent,  acetic  acid  and  20  per  cent,  sodium  chloride.  The 
tubes  were  then  placed  in  boiling  water  for  five  to  ten  minutes,  fil- 
tered through  kaolin  to  remove  the  coagulated  protein,  and  the  in- 
coagulable nitrogen  was  determined  according  to  the  method  recom- 
mended by  Folin  (4). 

This  experiment  failed  to  demonstrate  the  presence  of  an  inhib- 
iting agent.  This  may  have  been  due  to  the  agent  being  in  an  emul- 
sion and  not  a  solution,  thus  preventing  its  coming  into  intimate  con- 

1  We  wish  to  thank  Dr.  Hitchens,  of  Gleno-lden.  Pa.,  and  Dr.  Grund,  of  the 
New  York  Board  of  Health,  for  supplying  us  with  large  amounts  of  human  and 
bovine  tubercle  bacilli. 
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tact  with  the  ferment.  We  then  fractionated  the  extracted  material 
so  that  at  least  a  part,  the  fatty  acids,  might  be  prepared  in  such  a 
manner  that  they  could  be  brought  into  solution.  The  material  was 
dissolved  in  ether  and  precipitated  with  acetone.  The  acetone  frac- 
tion was  evaporated  to  dryness  on  the  water  bath  and  the  result- 
ing substance  saponified  with  alcoholic  potash.  The  soap  was  dis- 
solved in  water  and  repeatedly  extracted  with  petroleum  ether  in 
order  to  remove  any  unsaponifiable  matter.  The  acids  were  then 
liberated  with  hydrochloric  acid,  taken  up  with  ether,  washed  with 
water,  and  resaponified. 

The  ferments  were  prepared  and  standardized  according  to  the 


Per 
cent. 

100 

90 

•      80 

70 

60 


0.002S  gm. 


Sodinai  oleate  (iodin 

value  50) 
rnbeide  bacilli  soap 
(iodia  value  24) 


1 

1 

1 

_-J 

1 

] 

Text- Fig.  i.     Effect  of  soaps  of  tubercle  bacilli  and  sodium  oleate  on  tryptic 
digestion. 


method  described  in  our  previous  paper  ( 5 ) .  The  soaps,  in  i  per  cent, 
solutions,  were  mixed  with  trypsin  in  varying  amounts,  incubated 
for  thirty  minutes,  and  the  casein  was  then  added.  After  the  final 
incubation  of  two  hours,  the  coagulable  protein  was  removed  and 
the  incoagulable  nitrogen  determined.  Text-figure  i  shows  the 
results  obtained  with  the  soap  prepared  from  extractives  of  the 
tubercle  bacilli.  A  soap  prepared  from  olive  oil  was  used  as  a  con- 
trol. The  dotted  and  heavy  black  lines  indicate  the  percentage  of 
digestion  present  in  the  tubes  containing  soaps  as  compared  with  the 
controls  containing  trypsin  and  casein  alone. 
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The  results  of  this  experiment  show  that  in  the  final  dilutions 
the  soap  prepared  from  tubercle  bacilli  is  more  active  as  an  inhib- 
iting agent  than  the  one  prepared  from  olive  oil.  The  iodin  value 
of  the  soap  prepared  from  the  tubercle  bacilli  was  24,  of  the  olive 
oil  soap  50.  The  relation  that  the  iodin  value  of  the  soaps  bears 
to  their  activity  as  inhibiting  agents  was  discussed  in  our  previous 
report.  It  will  be  dealt  with  here  in  relation  to  the  one  prepared 
from  tubercle  bacilli. 

In  the  previous  paper  (5)  on  the  influence  of  soaps  of  the  fatty 
acids  on  inhibition  of  ferment  action,  we  demonstrated  that  the  un- 
saturated fatty  acids  were  the  active  agents,  while  the  saturated 
fatty  acids  exerted  but  little  if  any  inhibiting  action.  We  were 
unable  to  obtain  a  complete  separation  of  the  saturated  from  the 
unsaturated  acids  and  so  could  not  remove  entirely  the  inhibiting 
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Text-Fig.  2.     Effect  of  saturated  and  unsaturated  soaps  of  tubercle  bacilli  on 
tryptic  digestion. 


action,  but  the  differences  in  their  activity  following  their  partial 
separation  by  the  ether-lead  soap  method  were  so  striking  as  to  be 
conclusive.  The  soaps  of  the  saturated  fatty  acids  tested,  sodium 
stearate  and  sodium  palmitate,  were  inactive. 

\\'e  undertook  to  determine  if  the  same  is  true  of  the  soaps  pre- 
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pared  from  tubercle  bacilli.  Lead  soaps  were  prepared  according 
to  the  usual  method.  The  acids  were  set  free  with  hydrochloric 
acid,  washed,  resaponified  with  sodium  alcoholate,  and  evaporated 
to  dryness.  Text-figure  2  gives  the  results  obtained  with  soaps 
prepared  from  saturated  and  unsaturated  fatty  acids. 

The  results  obtained  with  the  ether-soluble  and  insoluble  fractions 
are  as  conclusive  as  those  described  in  the  preceding  report  for 
other  soaps.  The  ether-lead  soap  method  does  not  give  a  complete 
separation  of  the  saturated  and  unsaturated  fatty  acids,  but  the  sepa- 
ration is  sufficient  to  demonstrate  which  is  the  active  fraction. 
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Text-Fig.  3.  Effect  of  soaps  of  tubercle  bacilli  and  various  other  soaps  on 
trj'ptic  digestion. 

We  reported  previously  that,  with  one  exception,  the  activity  of 
the  soaps  of  the  unsaturated  fatty  acids  as  inhibiting  agents  was 
proportionate  to  their  iodin  value.  We  did  not  include  in  the 
experiment  described  the  soap  prepared  from  the  extractives  of 
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the  tubercle  bacilli.  This  is  shown  in  text-figure  3  in  comparison 
with  the  other  soaps  which  we  have  been  using.  After  the  iodin 
value  of  the  respective  soaps  had  been  determined,  they  were  made 
up  in  such  strengths  that  one  cubic  centimeter  of  each  had  approxi- 
mately the  same  iodin  ^•alue. 

A  study  of  text-figure  3  shows  that  of  all  the  soaps  investigated 
the  one  prepared  from  tubercle  bacilli  is  the  most  active  in  pre- 
venting enzyme  action.  We  had  already  observed  that  it  was  as 
active  as  the  other  soaps  in  i  per  cent,  solutions  and  were  not  sur- 
prised to  find  it  more  so  when  made  up  according  to  its  iodin  value. 
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Effect  of  saturation  of  unsaturated  soaps  of  tubercle  bacilli 


The  method  used  by  us  in  extracting  the  acids  from  the  bacilli  and 
in  preparing  the  soap  does  not  give  any  indication  of  the  quantity 
originally  present.  On  the  contrar3^  it  offered  every  opportunity 
for  the  unsaturated  acids  to  become  saturated,  thus  lowering  its 
iodin  value  and  reducing  its  activity  as  an  inhibiting  agent. 

In  the  previous  report  we  showed  that  the  activity  of  the  soaps 
of  the  unsaturated  fatty  acids  could  be  destroyed  by  saturation 
with  iodin.     The  soaps  so  treated  did  not  become  entirely  inactive, 
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but  this  may  have  been  due  either  to  the  presence  of  some  free  iodin 
or  to  incomplete  saturation.  It  is  of  importance  to  determine  if  the 
soaps  prepared  from  tubercle  bacilli  are  similarly  affected  when 
treated  with  iodin.  To  five  cubic  centimeters  of  a  i  per  cent,  solu- 
tion of  the  soap  was  added  0.05  of  a  gram  of  iodin,  and  a  few  crys- 
tals of  iodide  of  potassium,  and  the  mixture  was  permitted  to  stand 
over  night.  The  following  morning  it  was  shaken  repeatedly  with 
chloroform,  until  fresh  portions  of  the  latter  remained  clear,  show- 
ing that  there  was  no  more  free  iodin.  Text-figure  4  shows  the 
effect  of  saturating  the  soap  with  iodin. 

The  soap  used  in  this  experiment  was  old  and  therefore  not  very 
active,  but  the  effect  of  treatment  with  iodin  was  evident.  The 
experiment  was  repeated  several  times  and  a  similar  result  obtained 
in  each  instance. 

Numerous  chemicals  ha\e  been  studied  in  the  attempt  to  find  one 
that  will  be  eft'ective  as  a  therapeutic  agent  in  tuberculosis.  Such 
an  agent,  in  order  to  be  of  value,  must  combine  with  some  constitu- 
ent of  the  tubercle  bacillus,  and  our  experiments  indicate  that  iodin 
as  a  component  of  the  chemical  substance  may  be  the  means  of 
bringing  about  such  a  combination. 

We  do  not  know  the  nature  of  the  unsaturated  fatty  acids  exert- 
ing the  inhibiting  action,  but  their  isolation  and  identification  and 
further  work  on  their  inhibiting  action  are  now  under  way. 

Wells  (6)  obtained  an  average  of  o.ooi  of  a  gram  of  fatty  acids 
to  one  gram  of  caseous  matter,  which  indicates  the  small  amount  of 
soap  present  in  this  substance.  This  finding  has  little  bearing  on 
the  relation  of  the  fatty  acids  of  tubercle  bacilli  to  caseation,  as  the 
influence  of  the  soaps  depends  on  the  amount  of  ferment  present  and 
not  on  the  quantity  of  protein.  That  small  amounts  of  the  soap  are 
capable  of  inhibiting  enzyme  action  is  shown  in  text-figure  i,  where 
it  was  found  that  in  the  tube  containing  0.00 1  of  a  gram  of  soap  the 
digestion  was  only  half  that  obtained  in  the  control  containing  no 
soap.  The  influence  of  soaps  as  inhibiting  agents  was  well  shown 
in  our  previous  report  in  which  it  was  demonstrated  that  the  smallest 
quantity  completely  inhibiting  the  standard  amount  of  trypsin  mate- 
riallv  influences  the  action  of  ten  times  that  amount  of  ferment.     In 
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addition,  our  experiments  indicate  that  the  ferments  are  destroyed 
as  a  result  of  combining  with  the  soaps. 

The  soaps  are  probably  formed  from  the  neutral  fats  of  the  bacilli. 
The  lipases  hydrolyze  the  fats  and  the  acids  are  then  saponified. 
In  partial  support  of  this  view  we  have  the  work  of  Klotz  (7)  who 
demonstrated  lipases  in  tuberculous  pus,  and  of  Bergel  (8)  who 
states  that  the  ferment  is  present  in  the  lymphoid  cells  of  tubercles, 
while  Corper  (9)  found  lipases  in  tubercle  bacilli. 

The  demonstration  that  tubercle  bacilli  contain  ferment-inhibiting 
substances  brings  us  one  step  nearer  a  rational  explanation  of  case- 
ation in  tuberculosis.  The  subject  will  be  discussed  more  fully  in  a 
subsequent  report. 

CONCLUSIONS. 

1.  Tubercle  bacilli  contain  unsaturated  fatty  acids  which,  when 
saponified,  have  the  property  of  inhibiting  the  action  of  trypsin  and 
leucoprotease. 

2.  In  proportion  to  their  iodin  value  these  soaps  are  more  active 
as  inhibiting  agents  than  the  soaps  prepared  from  linseed,  olive,  and 
cod-liver  oils. 

3.  The  activity  of  the  soaps  is  dependent  on  the  presence  of  un- 
saturated carbon  bonds. 

4.  Saturation  of  the  soaps  with  iodin  destroys  their  inhibiting 
action. 

5.  Soaps  probably  play  an  important  part  in  the  production  of  the 
condition  known  as  caseation  in  tuberculosis. 
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A  STUDY  OF  THE  FERMENTS  AND  FERMENT-INHIB- 
ITING SUBSTANCES  IN  TUBERCULOUS 
CASEOUS  MATERIAL. 

Studies  on  Ferment  Action.     XII.* 

By  JAMES  \V.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D, 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

In  a  previous  paper  ( i )  we  reported  that  sodium  soaps  prepared 
from  ether-soluble  extractives  of  tubercle  bacilli  inhibit  the  action 
of  trypsin  and  leucoprotease.  The  inhibiting  action  was  found  to 
depend  on  the  presence  of  soaps  of  the  unsaturated  fatt\'  acids,  and 
could  be  destroyed  b}-  saturating  the  acids  with  iodin. 

The  results  of  this  study  appear  to  have  a  direct  bearing  on  the 
development  of  caseation  in  tuberculosis.  Caseation  in  tuberculosis 
is  a  form  of  coagulation  necrosis  in  w'hich  the  dead  tissues  rarely 
undergo  autolysis,  except  as  a  result  of  secondary  infection.  Syph- 
ilis is  the  only  infectious  disease  presenting  a  sirnilar  condition.  In 
other  instances  of  coagulation  necrosis  the  dead  tissues  are  soon 
removed  by  means  of  autolysis  and  phagocytosis.  It  appears,  then, 
that  substances  having  the  property  of  preventing  autolysis  must  be 
present  in  syphilitic  and  tuberculous  tissues. 

This  view  is  confirmed  by  the  work  of  Schmoll  (2)  who  was  unable  to  find 
any  evidences  of  autolysis  in  caseous  material.  The  results  obtained  bj-  Auclair 
(3)  can  be  e.xplained  in  a  similar  manner.  Auclair  believes  that  caseation  is  due 
to  specific  toxins  of  the  nature  of  fats  which  are  soluble  in  ether,  chloroform, 
and  benzin.  These  extracts  suspended  in  water  produced  typical  caseous  ab- 
scesses when  injected  into  the  subcutaneous  tissues  of  animals,  and  caseous  areas 
in  the  lungs  when  injected  into  the  trachea  of  guinea  pigs.  No  doubt  the  condi- 
tions observed  by  Auclair  closely  simulated  caseous  areas,  but  we  doubt  if  they 
were  due  to  the  presence  of  specific  toxins.  It  is  more  probable  that  his  injec- 
tions caused  the  usual  inflammatory  exudate  which  assumed  the  character  of  the 
caseous  matter  owing  to  the  failure  of  autolysis. 

The  lack  of  autolysis  in  caseous  material  is  similar  to  that  observed  in  non- 

*  Received  for  publication,  January  21.  1914. 
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infected  anemic  infarcts.  In  the  latter  condition  the  dead  tissue  is  finally  re- 
moved by  the  phagocytic  leucocytes  which  invade  it  from  the  surrounding  tissues. 
The  leucocytes  also  liberate  ferments  which  aid  in  causing  solution  and  absorp- 
tion of  the  dead  tissue.  It  is  only  in  the  large  infarcts  that  softening  occurs,  and 
this  is  in  the  central  part  of  the  mass,  while  the  periphery  remains  firm.  Wiener 
(4)  found  that  the  autolytic  enzymes  act  best  in  an  acid  medium,  and  Wells  (5) 
believes  that  this  explains  the  central  softening  in  large  infarcts.  According  to 
Wells,  the  acids  at  the  periphery  are  neutralized  by  the  blood  plasma,  so  that 
autolysis  is  active  only  at  the  center. 

Anemia,  due  to  occlusion  of  the  blood  vessels,  may  be  an  impor- 
tant factor  in  causing  caseation  in  the  chronic  forms  of  tuberculosis. 
However,  in  acute  caseous  pneumonia  some  other  explanation  seems 
necessary.  Here  we  do  not  have  the  connective  tissue  reaction  seen 
in  the  chronic  forms  of  the  disease,  and  we  must  therefore  look  for 
some  other  cause  to  explain  the  conditions  present. 

In  a  previous  report  (6)  we  showed  that  tubercle  bacilli  contain 
unsaturated  fatty  acids  which,  when  saponified,  are  able  to  inhibit 
enzyme  action.  We  believe  that  this  observation  explains  the  lack 
of  autolysis  in  caseous  matter,  but  it  was  considered  necessary  to 
make  a  careful  study  of  caseous  material  in  order  to  find  out  if 
ferments  and  ferment-inhibiting  substances  were  present. 

SchmoU's  (7)  failure  to  find  evidences  of  autolysis  in  the  caseous 
material  from  lymph  glands  indicates  that  ferment  action  has  been 
inhibited  from  the  start.  This  assumption  is  based  not  only  upon 
SchmoU's  work,  but  also  upon  our  observation  (8)  that  trypsin 
is  destroyed  when  incubated  for  thirty  minutes  with  soaps  of  the  un- 
saturated fatty  acids.  U  this  view  is  correct,  failure  of  proteolysis 
is  due  to  destruction  of  the  ferments  by  the  soaps,  but  we  must  also 
consider  the  possibility  of  undestroyed  ferments  being  present, 
though  inactive,  owing  to  the  presence  of  inhibiting  substances.  It 
is  unlikely  that  free  ferments  should  be  present  in  the  caseous  ma- 
terial obtained  from  chronic  tuberculous  lymph  glands,  but  they 
may  be  present  in  a  rapidly  progressing  caseous  pneumonia  with  a 
marked  inflammatory  exudate.  In  the  latter  condition  it  is  impos- 
sible to  separate  the  caseous  material  from  the  inflammatory  exu- 
date, and  so  extracts  of  the  caseous  material  will  probably  show  the 
presence  of  some  undestroyed  ferments. 

The  caseous  matter  used  in  this  study  was  obtained  from  tubercu- 
lous lymph  glands  and  from  several  cases  of  rapidly  progressing 
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caseous  pneumonia.'  The  method  used  to  determine  the  extent 
of  digestion  was  that  described  in  our  previous  reports.  The  mix- 
ture was  made  definitely  acid  with  a  solution  composed  of  lo  per 
cent,  acetic  acid  and  20  per  cent,  sodium  chloride.  The  tubes  were 
then  placed  in  boiling  water  for  five  to  ten  minutes  to  coagulate  the 
protein  and  the  contents  afterwards  filtered  through  kaolin.  The 
total  incoagulable  nitrogen  was  determined  according  to  the  method 
recommended  by  Folin. 

CASEOUS  LYMPH   GLANDS. 

The  caseous  matter  derived  from  the  lymph  glands  was  spread 
in  thin  layers  on  glass  plates  and  dried  at  temperatures  below  45°  C. 
After  being  dried  the  material  was  ground  in  a  mortar  to  a  fine 
powder.  For  the  experimental  work  the  emulsions  were  prepared 
in  the  proportions  of  one  gram  of  caseous  matter  to  100  cubic  centi- 
meters of  water.  The  material  was  examined  to  find  out  if  fer- 
ments and  ferment-inhibiting  substances  were  present  and  also  for 
evidences  of  autolysis.  To  determine  the  extent  of  autolysis  a 
flask  containing  fifty  cubic  centimeters  of  the  emulsion  was  placed  in 
the  incubator  and  left  there  for  five  days.  Every  day  five  cubic  centi- 
meters were  removed  and  the  amount  of  incoagulable  nitrogen  was 
determined.  The  incoagulable  nitrogen  obtained  in  five  cubic  centi- 
meters of  the  emulsion  on  the  fifth  day  was  practically  the  same  as 
that  obtained  on  the  first  day.  The  results  of  this  experiment  indi- 
cate that  either  ferments  are  not  present  in  the  caseous  matter,  or 
their  activity  is  suppressed.  The  freshly  prepared  emulsion  was 
neutral  in  reaction,  but  became  slightly  acid  after  the  second  day. 
This  is  important  as  in  the  beginning  the  reaction  was  favorable  to 
the  ferments  active  in  an  alkaline  or  neutral  reaction,  and  after 
the  second  day  it  was  favorable  to  those  active  in  an  acid  reaction, 
yet  autolysis  did  not  occur. 

We  obtained  somewhat  dififerent  results  in  a  similar  experiment 
conducted  with  caseous  material  from  a  lymph  gland  which  had 
become  secondarily  infected.     Autolysis  occurred  in  a  more  marked 

1  We  wish  to  thank  Dr.  F.  Mathews  of  St.  Mary's  Free  Hospital,  Dr.  Larkin 
of  the  New  York  Hospital,  and  Dr.  Lamb  of  the  Presbyterian  Hospital  for  their 
kindness  in  furnishing  us  with  material. 
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degree  in  an  alkaline  reaction,  but  was  much  more  active  in  an  acid 
reaction.  In  no  instance  have  we  been  able  to  obtain  evidences  of 
autolysis  in  emulsions  of  uninfected  caseous  matter  of  lymph  glands, 
either  in  acid  or  alkaline  reactions.  The  lack  of  autolysis  in  the 
caseous  material  might  have  been  due  to  the  presence  of  soaps,  and 
we  therefore  attempted  to  rule  out  this  factor. 

Two  methods  were  used  to  determine  the  presence  of  unde- 
stroyed  ferments.  In  the  first  the  whole  emulsion  was  treated  with 
an  excess  of  alcohol  to  which  a  small  amount  of  hydrochloric  acid 
had  been  added.  Treated  in  this  manner  the  ferments  and  pro- 
tein were  precipitated,  and  the  fatty  acids  liberated  by  the  hydro- 
chloric acid  were  made  soluble  in  the  acid  alcohol.  The  precipitate 
was  then  washed  with  alcohol  and  ether,  and  dried.  The  powder 
thus  obtained  was  made  into  an  emulsion  with  water,  a  portion 
made  acid  and  another  alkaline,  and  placed  in  the  incubator  for 
several  days.  The  presence  of  ferments  would  have  been  shown 
by  the  degree  of  autolysis  that  occurred.  In  the  second  method  the 
emulsion  was  first  incubated  for  twenty- four  hours  in  an  alkaline  so- 
lution in  order  to  get  the  ferments  and  soap  into  solution.  It  was 
then  centrifuged  and  the  supernatant  fluid  treated  as  was  the  whole 
emulsion.  In  this  instance  the  powder  was  made  into  an  emulsion 
and  tested  against  casein.  In  neither  case  were  we  able  to  demon- 
strate the  presence  of  ferments. 

We  believe  that  the  results  of  these  experiments  justify  us  in  con- 
cluding that  undestroyed  ferments  are  rarely  present  in  caseous 
lymph  glands  which  have  not  become  secondarily  infected. 

As  practically  all  cells  contain  intracellular  ferments,  we  must 
assume  that  substances  were  present  which  prevented  autolysis. 
Our  previous  work  indicated  that  these  substances  were  probably 
soaps,  therefore  our  next  experiments  were  planned  to  see  if  this 
was  the  case.  A  fresh  i  per  cent,  emulsion  was  prepared  and 
kept  at  room  temperature  for  several  hours.  During  this  period 
it  was  shaken  frequently.  It  was  then  centrifuged  until  it  became 
clear.  The  supernatant  fluid  was  now  removed,  made  strongly 
alkaline  with  sodium  hydrate,  and  the  flask  containing  it  placed  in 
boiling  water  for  several  minutes.  The  fatty  acids  were  then  lib- 
erated with  hydrochloric  acid,  taken  up  in  ether,  and  resaponified. 
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The  last  step  was  repeated  in  order  to  free  the  soaps  from  unsapon- 
ifiable  matter.  The  soaps  were  then  tested  for  their  enzyme-in- 
hibiting action.  They  were  mixed  in  various  dilutions  with  trypsin 
and  placed  in  the  incubator  at  37°  C.  for  thirty  minutes.  The 
casein  was  then  added  and  the  mixture  placed  in  the  incubator  again 
for  about  two  hours.  After  the  final  incubation  the  total  incoagu- 
lable nitrogen  was  determined  according  to  Folin's  method.     Text- 
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Text-fig.  i.  Effect  of  the  saponified  extract  from  caseous  lymph  glands  on 
tryptic  digestion. 

figure  I  shows  the  influence  of  soaps  obtained  from  the  caseous 
matter  of  lymph  glands  on  the  activity  of  trypsin. 

The  soaps  had  been  dissolved  in  sufficient  water  so  that  one  cubic 
centimeter  of  the  solution  represented  the  amount  of  soap  contained 
in  one  cubic  centimeter  of  the  original  i  per  cent,  emulsion.  Three 
cubic  centimeters  of  the  emulsion,  representing  the  soap  contained 
in  0.03  of  a  gram  of  caseous  matter,  was  sufficient  to  inhibit  the 
action  of  the  ferment.  In  the  tube  containing  two  cubic  centimeters 
the  digestion  was  only  25  per  cent,  of  that  obtained  in  the  control 
tube  containing  no  soaps. 

The  results  obtained  with  the  caseous  material  taken  from  a 
lymph  gland  which  had  become  secondarily  infected  differ  from 
those  just  described.     Similar  experiments  were  conducted   with 
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this  material,  whicli  was  semifluid  in  consistence,  and  ferments 
active  in  alkaline  and  acid  reactions  were  demonstrated.  While 
atitolysis  occurred  in  both  acid  and  alkaline  reactions,  it  was  more 
marked  in  the  acid  reaction,  indicatingthat  soaps  were  still  present. 

With  this  possibility  in  mind  we  decided  to  study  the  influence  of 
iodin  on  the  whole  emulsion  to  see  if  it  would  accelerate  autolysis. 
We  have  already  shown  (9)  that  treating  the  soaps  of  the  unsatu- 
rated fatty  acids  with  iodin  destroys  their  ferment-inhibiting  action, 
and  it  is  therefore  of  interest  to  determine  if  similar  results  can  be 
obtained  with  the  native  mixtures  of  protein  and  soaps. 

The  emulsion  was  divided  into  two  portions,  one  of  which  was 
used  as  a  control.  To  the  other  was  added  a  mixture  of  iodin  and 
iodide  of  potassium.  The  mixture  was  allowed  to  stand  for  several 
hours,  and  the  excess  of  iodin  was  then  removed  by  repeated  ex- 
tractions with  chloroform.  A  third  flask  containing  the  washed 
precipitate  was  also  used.     To  each  of  these  flasks  trypsin  was 
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=  nitrogen  digestion  in  24  liours, 
=  nitrogen  digestion  in  96  hours . 


Text-fig.   2.     Effect   of    iodin   on    ferment-inhibiting   substances    present    in 
caseous  matter  of  lymph  glands. 
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added.  Text-figure  2  shows  the  amount  of  incoagulable  nitrogen  in 
two  cubic  centimeters  of  the  emulsion  after  twenty-four  and  ninety- 
six  hours'  incubation  at  37°  C.  The  first  column  shows  the  amount 
of  incoagulable  nitrogen  obtained  after  digesting  the  untreated 
emulsion  with  trypsin.  The  second  column  represents  the  amount 
of  nitrogen  obtained  by  digesting  the  iodized  fraction,  and  the  third 
the  action  of  trypsin  on  the  precipitate  which  had  been  freed  from 
soaps  by  extraction  with  water  and  repeated  washings. 

A  study  of  this  chart  shows  that  in  the  first  tube  soaps  were  not 
present  in  sufficient  quantity  to  inhibit  the  action  of  the  trypsin, 
but  that  digestion  in  a  similar  fraction  treated  with  iodin  was  as 
great  at  the  end  of  twenty-four  hours  as  that  obtained  in  the  first 
tube  after  ninety-six  hours.  In  the  third  tube  the  soaps  had  evi- 
dently been  removed  to  a  large  extent,  though  digestion  in  the  last 
seventy-two  hours  was  not  equal  to  that  observed  in  the  iodized 
fraction. 

C.\SEOUS  PNEUMONIA. 

The  affected  areas  in  the  caseous  lungs  were  freed  as  much  as 
possible  from  the  less  involved  lung  tissue,  cut  up  in  a  meat  machine, 
and  dried.  When  dry  the  material  was  ground  to  a  fine  powder  in 
a  mortar.  We  anticipated  somewhat  different  results  in  these  ex- 
periments from  those  obtained  with  caseous  material  from  lymph 
glands,  owing  to  the  difficulty  of  freeing  the  caseous  material  from 
the  inflammatory  exudate.  In  the  former  case  there  is  usually  no 
inflammatory  exudate  and  therefore  no  extraneous  ferments,  whde 
in  the  material  from  caseous  pneumonia  these  ferments  must  be 
considered. 

Several  specimens  of  this  kind  were  examined,  and  practically 
similar  results  were  obtained  with  all.  As  in  the  experiments  con- 
ducted with  the  caseous  matter  of  lymph  glands,  the  emulsion  was 
made  in  the  proportion  of  one  gram  of  the  dried  material  to  one 
hundred  cubic  centimeters  of  water. 

In  the  first  experiment  we  wished  to  determine  the  extent  of 
autolysis.  Two  flasks  containing  twenty-five  cubic  centimeters  each 
of  the  emulsion  were  incubated  for  several  days  at  37°  C.  In  order 
to  determine  the  type  of  ferments  present,  the  contents  of  one  of 
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the  flasks  was  made  slightly  acid  in  reaction,  and  the  other  slightly 
alkaline.  Text-figure  3  shows  the  result  of  this  experiment.  In 
studying  this  chart  it  should  be  remembered  that  soaps  are  disso- 
ciated in  an  acid  reaction,  and  are  therefore  inactive  as  inhibiting 
agents.  Each  line  on  the  chart  represents  o.i  of  a  milligram  of 
nitrogen,  and  the  black  columns  indicate  the  incoagulable  nitrogen  in 


72  96 

hours.        hours. 
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Text-fig.  3.     Autolysis  of  caseous  material  in  acid  and  alkaline  reactions. 

two  cubic  centimeters  of  the  etnulsion.  The  chart  shows  the  differ- 
ences obtained  in  the  presence  of  acids  and  alkalies.  Inhibiting  sub- 
stances were  present  in  sufficient  quantity  to  prevent  the  action  of 
ferments  active  in  an  alkaline  reaction,  but  they  were  not  effective 
when  the  reaction  was  made  acid. 

In  some  of  our  preliminary  experiments  we  observed  that  autol- 
ysis occurred  in  certain  of  the  emulsions  which  had  been  made 
slightly  alkaline,  and  we  were  at  a  loss  for  the  proper  explanation 
as  soaps  were  known  to  be  present.  We  found  later  that  in  prac- 
tically all  such  instances  the  reaction  of  the  emulsion  had  become 
acid,  thus  throwing  out  the  soaps  and  permitting  the  action  of  fer- 
ments active  in  an  acid  reaction.  In  the  last  experiment  it  was  evi- 
dent that  ferments  active  in  an  acid  reaction  were  present,  but  that 
those  active  in  an  alkaline  reaction  were  absent  or  their  activity  was 
suppressed  by  the  soaps.  In  the  next  experiment  we  wished  to  de- 
termine if  ferments  active  in  an  alkaline  reaction  were  also  present 
in  the  caseous  material. 

The  emulsion  was  treated  with  an  excess  of  alcohol  which  had 
been  made  slightly  acid.  By  this  means  we  hoped  to  precipitate  the 
ferments  uninjured  and  at  the  same  time  to  remove  the  soaps,  or 
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rather  the  fatty  acids,  which,  treated  in  this  manner,  are  sohible  in 
alcohol.  The  precipitate  was  removed  b}'  centrifugalization.  washed 
with  alcohol  and  ether,  and  dried.  It  was  then  brought  up  to  the 
original  volume  with  water,  made  slightly  alkaline,  and  placed  in 
the  incubator  for  seven  days.  The  results  of  this  experiment  are 
seen  in  text-figure  4.     The  columns  represent  the  amount  of  incoag- 


Text-fig.  4.     Autolysis  of  alcohol  precipitate. 

ulable  nitrogen  in  two  cubic  centimeters  of  the  mixture.  The  chart 
shows  that  ferments  active  in  an  alkaline  reaction  were  present  in 
the  original  material,  but  that  their  activity  was  inhibited  by  the 
soaps.  \\'hen  these  were  removed  by  the  acid  alcohol,  the  caseous 
matter  underwent  autolysis.  It  is  unlikely  that  these  tissues  become 
acid  during  life,  and  so  the  lack  of  autolysis  is  easily  explained. 

Soaps  were  present  in  smaller  amounts  than  in  the  caseous  matter 
of  lymph  glands.  This  may  be  due  to  the  fact  that  the  rapidity  of 
the  process  did  not  permit  an  accumulation  of  the  soaps  such  as 
probably  occurs  in  the  chronic  tuberculous  lymph  glands.  Text- 
figure  3  shows  that  autolysis  did  not  occur  when  the  original  emul- 
sion was  made  slightly  alkaline,  though  in  other  experiments  in 
which  the  soaps  were  first  removed,  we  demonstrated  the  presence 
of  ferments  active  in  an  alkaline  reaction.  These  results  indicate 
a  slight  excess  of  soaps  over  the  amount  needed  to  prevent  autolysis. 
This  view  is  confirmed  in  the  next  experiment  in  which  it  is  shown 
that  with  an  increase  of  ferment  autolysis  ensues. 

In  our  experiments  with  the  caseous  matter  of  lymph  glands  we 
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showed  that  previous  treatment  of  the  emulsion  with  iochu  was 
effective  in  aiding  the  action  of  trypsin.  We  now  made  similar 
experiments  with  the  pneumonic  material,  using  the  same  technique. 
Text-figure  5  shows  the  results  obtained.     Two  controls  were  used. 


original  plus  tr>'psin. 


Iodized  plus  trypsin. 


Washed  plus  trypsin. 


24  houts.  48  hours.  24  hours.  48  hours.  24  hours.  48  hours. 

Text-fig.  5.  Effect  of  iodin  on  ferment-inhibiting  substances  in  caseous 
pneumonia. 

One  control  consisted  of  the  untreated  emulsion  with  trypsin,  and 
the  other  of  the  washed  precipitate  with  trypsin.  This  last  con- 
trol was  used  to  see  if  all  the  soaps  could  be  removed  from  the  pre- 
cipitate by  repeated  washings  with  water. 

Here  again  we  have  evidence  that  previous  treatment  of  the 
emulsion  with  iodin  increased  the  activity  of  the  trypsin.  The 
amount  of  incoagulable  nitrogen  obtained  after  twenty-four  hours" 
incubation  of  the  iodized  emulsion  was  much  greater  than  that  ob- 
served in  the  untreated  fraction,  and  also  greater  than  that  obtained 
with  the  washed  precipitate.  It  is  probable  that  the  washed  precip- 
itate was  not  entirely  free  of  soaps.  The  amount  of  digestion  ob- 
served after  forty-eight  hours  in  the  untreated  emulsion  indicates 
that  soaps  were  not  present  in  large  amounts.  In  a  previous  paper 
(9)  we  showed  that  soaps  were  able  to  inhibit  completely  the  action 
of  enzymes  only  in  certain  proportions,  and  that  digestion  occurred 
when  enzymes  were  present  in  excess  of  this  proportion.  This  is 
probably  the  explanation  in  the  present  instance,  as  the  results  show 
that  soaps  are  present  in  comparatively  small  amounts  in  these 
pneiuiionic  areas  (text-figure  6). 

In  addition  to  the  extractives  of  the  tubercle  bacilli  which  we  have 
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been  discussing,  lipoids  derived  from  dead  cells  are  also  present 
in  caseous  matter.  Neumann  (lo)  and  others  state  that  an  alkaline 
solution  of  lecithin  inhibits  tryptic  activity,  but  Aleyer  (ii),  using 
a  I  per  cent,  solution,  was  unable  to  confirm  these  observations. 

In  view  of  the  uncertainty  of  the  action  of  the  lipoids  we  made 
a  few  experiments  in  order  to  determine  their  influence  on  enzyme 
activity.  For  these  experiments  lecithin,  cuorin,  and  cholesterol 
were  used.  The  solutions  were  prepared  by  mixing  one  gram  of 
the  lipoid  with  loo  cubic  centimeters  of  a  i  per  cent,  solution  of  an 
inactive  preparation  of  sodium  oleate.     This  sodium  oleate  prepara- 
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Text-fig.  6.     EfTect  of  soaps  of  tubercle  bacilli  and  lipoids  on  tryptic  digestion. 


tion  was  one  in  which  the  acid  had  become  saturated,  thereby  ren- 
dering it  inactive  as  an  inhibiting  agent.  By  suspending  the  lipoids 
in  an  inactive  soap  solution  we  hoped  to  duplicate  the  physical  con- 
dition present  in  the  control  containing  the  soap  prepared  from 
tubercle  bacilli.  Text-figure  6  gives  the  results  obtained  in  one  of 
the  experiments. 
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In  addition  to  the  preparations  mentioned  above,  there  was  also 
tested  in  this  experiment  a  soap  prepared  by  saponifying  the  acetone- 
insohible  fraction  of  the  extractives  of  the  tubercle  bacilli.  This 
soap  is  apparently  much  less  active  than  that  prepared  from  the 
acetone-soluble  fraction. 

All  the  lipoids  when  tested  in  this  manner  appear  to  have  some 
inhibiting  action,  particularly  lecithin  which  is  the  most  active.  The 
experiment  indicates  that  lipoids  in  the  tissues,  particularly  in  the 
presence  of  soaps,  may  aid  in  preventing  autolysis,  but  their  activity 
is  much  less  than  that  demonstrated  for  the  soaps. 

DISCUSSION. 

We  believe  that  we  are  now  in  a  position  to  understand  more 
clearly  the  processes  leading  to  caseation  in  tuberculosis.  With 
the  lodging  of  the  bacilli  there  is  death  of  some  of  the  cells  due  to 
the  action  of  the  toxins,  and  a  proHferation  of  the  neighboring  cells. 
Under  other  conditions  the  death  of  a  small  number  of  cells  would 
be  followed  at  once  by  their  removal,  either  through  the  action  of 
phagocytes  or  by  autolysis ;  but  here  the  phagocytes  are  absent,  and 
the  action  of  the  enzymes  is  prevented  by  the  presence  of  the  soaps 
of  the  unsaturated  fatty  acids  derived  from  the  tubercle  bacilli. 
The  anemia  caused  by  the  occlusion  of  the  blood  vessels  plays  an 
important  part,  as  the  lack  of  fluid  prevents  the  dilution  and  subse- 
quent absorption  of  the  inhibiting  substances.  As  the  local  proc- 
ess spreads  slowly,  the  reaction  at  the  periphery  of  the  area  prevents 
the  entrance  of  fluids,  and  thus  the  caseous  area  gradually  increases 
in  size  as  the  bacilli  invade  and  cause  the  death  of  the  surrounding 
tissues. 

In  conditions  such  as  those  present  in  caseous  pneumonia,  there  is 
primarily  an  exudate  composed  of  desquamated  cells,  leucocytes,  and 
fibrin,  which  soon  becomes  caseous.  Before  caseation  is  complete 
in  the  zone  of  gelatinous  pneumonia,  there  is  not  the  anemia  due  to 
occlusion  of  vessels  that  is  seen  in  the  more  chronic  processes,  and 
we  must  conclude  that  persistence  of  caseation  is  due  to  substances 
inhibiting  the  action  of  the  ferments  present  in  the  inflammatory 
exudate.  An  important  factor  in  the  acute  process  under  discussion 
is  the  immense  number  of  bacilli  present.     Under  these  conditions 
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it  is  not  difficult  to  imagine  a  corresponding  increase  in  the  amount 
of  inhibiting  substances,  an  increase  sufficient  to  neutrahze  the  fer- 
ments liberated  by  the  disintegration  of  leucocytes  and  other  cells. 
Caseous  areas  may  persist  for  a  long  time  without  undergoing 
absorption.  The  rapid  softening  of  these  areas  subsequent  to  second- 
ary infections  is  probably  due  not  only  to  the  entrance  of  fresh 
ferments,  but  also  to  the  iluid  accompanying  these  conditions,  the 
fluid  acting  as  a  diluent  and  aiding  in  the  removal  of  the  inhibiting 
substances.  Soaps  if  present  must  exist  in  very  minute  quantities 
in  the  bacilli.  They  are  probably  formed  from  the  neutral  fat  of 
the  bacilli.  The  lipases  hydrolyze  the  fats,  and  the  acids  are  then 
saponified.  Klotz  (12)  and  Bergell  (13)  have  demonstrated  the 
presence  of  lipases  in  tuberculous  pus  and  lymphocytes,  while  Wells 
and  Corper  (14)  found  the  ferment  present  in  the  tubercle  bacilli. 

According  to  Sata  (15),  most  of  the  fat  present  in  caseous  matter 
is  found  at  the  periphery  of  the  area.  This  may  be  due  either  to  a 
wandering  in  from  the  outside,  or,  more  probably,  to  synthesis  from 
the  fatty  acids  liberated  during  the  disintegration  of  the  cells  and  of 
the  tubercle  bacilli.  Our  experiments  indicate  that  soaps  of  the 
unsaturated  fatty  acids  obtained  from  tubercle  bacilli  are  the  active 
agents  in  preventing  autolysis,  and  the  identification  of  these  acids 
will  probably  aid  in  determining  the  origin  of  the  neutral  fat  found 
in  caseous  areas. 

In  our  paper  on  the  ferment-inhibiting  substances  present  in 
tubercle  bacilli  (16)  we  reported  that  iodin  combined  with  the  un- 
saturated fatty  acids  obtained  from  the  bacilli  and  neutralized  their 
ferment-inhibiting  properties.  We.  also  emphasized  the  importance 
of  this  observation  in  connection  with  a  specific  chemotherapeutic 
agent  for  tuberculosis.  In  our  present  work  we  have  shown  that 
iodin  exerts  a  similar  action  on  the  ferment-inhibiting  substances 
present  in  caseous. matter.  Thus  the  iodin  may  serve  another  pur- 
pose by  aiding  in  bringing  about  solution  and  absorption  of  the  case- 
ous matter,  and  exposing  the  bacilli,  which  otherwise  are  more  or 
less  inaccessible,  to  the  influence  of  the  therapeutic  agent. 

It  is  a  well  known  clinical  observation  that  iodides  cause  tubercle 
bacilli  to  appear  in  the  sputum  of  patients  with  pulmonary  tubercu- 
losis, though  they  were  previously  absent.     This  phenomenon  is 
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probably  due  to  the  neutralization  of  the  action  of  the  ferment-in- 
hibiting substances  by  the  iodin.  Subsequent  to  this  neutralization, 
ferment  action  ensues,  with  liberation  of  the  bacilli  and  their  ap- 
pearance in  the  sputum. 

The  autolysis  that  occurs  in  the  center  of  large  anemic  infarcts, 
and  the  lack  of  autolysis  at  the  periphery,  can  be  explained  in  the 
same  manner.  At  the  periphery  of  the  infarct  the  fatty  acids 
which  are  liberated  following  the  death  of  the  cells  are  saponified 
by  the  alkalies  present  in  the  tissues,  and  by  those  coming  from  the 
surrounding  fluids.  The  soaps  thus  formed  inhibit  proteolysis 
until  the  phagocytes,  invading  the  periphery,  open  up  channels 
through  which  sufficient  fluid  can  enter  to  wash  out  or  dilute  the 
soaps  so  that  autolysis  can  proceed.  The  phagocytes  of  course  also 
take  part  in  the  removal  of  the  dead  tissues.  In  the  center  of  the 
infarct  the  alkalies  are  soon  used  up  and  the  tissues  then  become 
acid  in  reaction  on  account  of  the  excess  of  fatty  acids.  Wiener 
(17)  found  that  autolytic  enzymes  act  best  in  an  acid  medium,  and 
this  is  to  be  expected  as  soaps  are  inactive  as  inhibiting  agents  under 
these  conditions. 

CONCLUSIONS. 

1.  Caseous  matter  obtained  from  lymph  glands  which  have  not 
become  secondarily  infected  contains  substances  which  inhibit  en- 
zvme  activity.  These  substances  consist  chiefly  of  soaps  of  the 
unsaturated  fatty  acids. 

2.  The  inhibiting  substances  are  present  in  relatively  smaller 
amounts  when  the  caseous  matter  has  become  secondarily  infected. 
This  is  probably  due  to  the  dilution  and  washing  out  of  the  soaps. 

3.  Ferments  are  either  entirely  absent  or  present  in  very  small 
amounts,  unless  the  caseous  matter  has  become  secondarily  infected. 

4.  Caseous  material  from  the  lungs  contains  smaller  amounts  of 
the  inhibiting  substances.  This  may  be  due  to  the  acuteness  of  the 
process,  which  does  not  permit  an  accumulation  of  the  soaps,  or  to 
the  binding  of  the  soaps  with  the  ferments. 

5.  Ferments  are  present  in  caseous  pneumonia.  In  the  whole 
emulsion  the  ferments  are  less  active  in  an  alkaline  than  in  an  acid 
reaction;  but  removal  of  the  soaps  shows  that  those  active  in  an 
alkaline  reaction  are  also  present  in  considerable  amounts. 


James  W.  Johling  and  William  Petersen.  397 

6.  The  previous  treatment  with  iodin  of  caseous  matter   from 
both  lymph  glands  and  lungs  increases  the  action  of  the  trypsin. 
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THE  NATURE  OF  SERUM  ANTITRYPSIN. 
Studies  on  Fermext  Action.     XIII. * 

By  J.\MES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

The  efforts  that  have  been  made  to  determine  the  nature  of  the 
ferment-inhibiting  substances  of  the  blood  give  no  definite  informa- 
tion concerning  their  significance  or  their  character.  At  one  time 
it  was  thought  that  the  antitryptic  index  of  the  serum  would  prove 
to  be  a  valuable  aid  in  the  diagnosis  of  cancer. 

Brieger  and  Trebing  (i)  stated  that  90  per  cent,  of  the  patients  suffering 
from  carcinoma  or  sarcoma,  whom  they  had  examined,  showed  an  increase  of 
antitrj'psin  in  the  blood.  Von  Bergmann  and  Meyer  (2)  confirmed  this  observa- 
tion, though  they  also  found  a  similar  increase  in  24  per  cent,  of  non-cancerous 
patients.  Recent  work  indicates  that  the  increased  ferment-inhibiting  action  of 
the  serum  cannot  be  relied  upon  as  a  diagnostic  test  for  cancer.  It  is  frequently 
present  in  the  acute  infections,  such  as  pneumonia,  typhoid  fever,  etc.;  in  chronic 
infections,  such  as  tuberculosis  and  syphilis;  in  Graves'  disease;  and  in  severe 
anemias.  The  action  of  the  serum  has  been  ascribed  to  chemical  constituents 
and  to  specific  immune  bodies  which  act  as  antiferments.  Meyer  (3)  believes 
that  the  anti  ferment  is  a  true  antibody,  and  that  the  ferments  of  the  tissue  cells 
act  as  antigens.  He  concludes  that  trj-psin  and  leucoprotease  are  not  so  impor- 
tant in  this  respect.  Eisner  (4)  and  Wiens  (5)  also  believe  that  the  antiferment 
is  a  true  antibody,  but  that  the  antigen  is  the  ferment  liberated  by  the  polymor- 
phonuclear cells.  On  the  other  hand,  Jiirgensen  (6)  found  no  relation  between 
the  antitrj'ptic  index  and  leucocytosis.  Halpern  (7)  inoculated  dogs  with  the 
pancreas  of  dogs,  and  found  an  increase  in  antitrj-psin,  but  no  increase  in  anti- 
pepsin.  Eisner  (4)  studied  the  inhibiting  action  of  serum  against  various  fer- 
ments, and  concluded  that  it  possessed  a  special  affinity  for  trypsin.  Some 
writers  have  asserted  that  the  serum  is  more  active  against  trj'psin  of  the  same 
species,  but  Weil  (8)  and  others  have  disproved  this. 

Morgenroth  (9)  thought  that  he  obtained  a  specific  antirenin  by  inoculating 
animals  with  renin,  while  Achalme  (10)  states  that  he  produced  a  specific  anti- 
trj-psin  by  inoculating  animals  with  trj'psin.  Other  investigators  repeated  the 
work  of  Morgenroth  and  Achalme  and  have  failed  to  confirm  their  results. 
Hamburger  (11)  showed  that  sodium  chloride  destroys  pepsin  in  a  neutral  solu- 
tion, thereby  invalidating  the  evidence  that  a  specific  antipepsin  is  present  in 
the  blood;  immune  bodies  are  active  only  in  a  neutral  or  slightly  alkaline  reac- 
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tion.  We  must  conclude,  then,  that  sufficient  proof  has  not  been  advanced  to 
support  the  view  that  the  ferment-inhibiting  substances  of  the  blood  are  true 
antibodies. 

Hedin  (12)  has  shown  that  charcoal  will  bind  trypsin  and  that  the  binding  is 
proportional  to  the  quantity  of  charcoal  and  to  the  time  of  interaction.  Strong 
acids  and  alkalies  quickly  destroy  trypsin,  but  Chittenden  and  Cummins  (13) 
found  it  to  be  much  more  resistant  to  these  agents  in  the  presence  of  protein. 
Kudo  (14)  states  that  all  the  mineral  acids  are  active  in  this  respect,  sulphuric 
acid  being  active  in  a  dilution  of  one  in  a  thousand,  while  the  organic  acids  are 
much  less  so.  Bayliss  (15)  and  Abderhalden  and  Gigon  (16)  found  that  some 
of  the  products  of  tryptic  activity  possess  the  property  of  inhibiting  the  action 
of  the  ferment,  the  free  amino  acids  being  more  active  than  the  polypeptids. 

Schwartz  (17)  concluded  that  the  antitryptic  activity  of  the  serum  is  due  to 
the  lipoids.  He  found  that  he  could  partially  inactivate  sera  by  extracting  them 
with  ether,  and  that  the  sera  could  be  reactivated  by  the  addition  of  lecithin. 
Sugimoto  (18)  observed  a  decrease  in  the  antitryptic  strength  of  sera  after 
extraction  with  ether  and  benzol,  and  concluded  that  the  lipoids  were  the  active 
constituents.  He  believes  that  a  complete  extraction  of  the  fat,  and  the  disso- 
ciation of  the  lipoid-protein  combinations  will  cause  a  removal  of  the  ferment- 
inhibiting  action.  He  also  tested  alcoholic  extracts  which  were  prepared  from 
egg-white,  beef  brain,  and  beef  liver,  and  found  them  inactive  as  anti-enzymes 
when  used  as  emulsions  in  solutions  of  sodium  chloride.  Meyer  (3)  suggests 
that  the  effect  of  the  ether  was  due  to  the  destruction  of  the  anti-enzymes  and 
not  to  their  extraction.  He  also  refers  to  the  normal  antitryptic  index  found 
in  the  lipoid-rich  sera  of  luetics  and  diabetics.  He  found  that  it  was  not  destroyed 
by  extracting  the  dried  serum  with  ether,  and  the  fluid  serum  with  petroleum 
ether,  but  states  that  this  does  not  disprove  the  possibility  of  its  being  a  lipoid- 
protein  combination.  He  does  not  believe  that  protein  cleavage  products  are 
the  inhibiting  agents.  Cobliner  (19)  assumes  that  lipoids  are  not  the  active 
agents,  as  dried  sera  extracted  with  ether,  chloroform,  or  petroleum  ether  do 
not  lose  their  antitryptic  activity.  He  found  that  the  inhibiting  action  was  in- 
creased if  the  serum  was  shaken  with  olive  oil.  Kirchheim  (20)  concludes  that 
the  anti ferment  merely  prolongs  the  action  of  the  trypsin  and  does  not  destroy 
it.     He  observed  that  chloroform  reduced  the  inhibiting  action  of  the  serum. 

Rosenthal  (21)  believes  that  the  action  of  the  serum  is  due  to  protein  cleavage 
products,  and  that  its  increase  in  carcinoma  and  other  diseases  with  cachexia  can 
be  thus  explained. 

Two  years  ago  we  observed  that  sera  preserved  with  chloroform  soon  lost 
their  antitryptic  action.  The  same  observation  had  been  made  previously  by 
Delezenne  and  Pozerski  (.22),  but  we  did  not  know  of  it.  This  discovery  con- 
vinced us  that  the  ferment-inhibiting  substances  of  the  serum  were  lipoids,  and 
that  they  were  soluble  in  fat  solvents.  We  (23)  have  published  the  results  of 
some  preliminary  work  based  on  this  idea,  in  which  it  was  shown  that  the  soaps 
of  the  unsaturated  fatty  acids  obtained  from  various  sources  possessed  the  prop- 
erty of  acting  as  anti-enzymes.  These  results  caused  us  to  study  the  ferment- 
inhibiting  action  of  the  blood  to  see  if  it  was  due  to  the  same  agents. 

The  Fuld-Gross  technique  was  used  by  most  of  the  investigators  engaged  in 
the   study  of   the   anti-enzymes   of   the   blood.     We   have   already   discussed   in 
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another  paper  (23)  the  difficulties  we  encountered  in  the  use  of  this  method. 
In  this  work,  as  well  as  in  that  previously  reported,  our  interpretations  were 
based  upon  the  total  incoagulable  nitrogen  determined  according  to  the  method 
recommended  by  Folin. 

INFLUENCE  OF  CHLOROFORM  OR  ETHER  EXTRACTION 
ON    SERUM   ANTITRYPSIN. 

Considerable  work  has  been  done  with  lipoid  solvents  in  order  to 
show  the  relation  which  exists  between  the  lipoids  of  the  serum  and 
antitrypsin,  but  with  contradictory  results.  In  most  of  the  work 
the  solvent  was  allowed  to  act  for  a  short  time  only,  and,  in  some 
instances,  on  the  dried  serum.  In  the  first  experiment  we  wished 
to  determine  the  influence  of  chloroform  or  ether  on  the  enzyme- 
inhibiting  action  of  the  serum.  Fresh  dog  serum  was  diluted 
I  to  5  with  salt  solution,  and  divided  into  three  parts.  To  one  part 
was  added  chloroform ;  to  another  ether ;  the  remaining  portion  was 
preserved  without  the  addition  of  any  agent.  The  three  flasks  con- 
taining the  sera  were  then  kept  at  room  temperature  for  forty-eight 
hours.  The  mixtures  were  shaken  frequently  during  this  time. 
Before  testing,  the  excess  of  chloroform  or  ether  was  removed  with 
pipettes,  and  the  serum  then  filtered  through  filter  paper  until  clear. 
They  were  mixed  in  various  dilutions  with  trypsin  and  placed  in  the 
incubator  for  thirty  minutes.  Casein  was  then  added  and  the  mix- 
ture incubated  for  two  hours  at  37°  C.  A  control  flask  contain- 
ing only  trypsin  and  casein  was  incubated  for  the  same  period  of 
time.  The  lines  on  text-figure  i  show  the  amount  of  digestion  in 
each  flask  as  compared  with  that  obtained  in  the  control  tube  which 
contained  no  serum.  This  method  will  be  followed  in  all  the  subse- 
quent experiments. 

Text-figure  i  shows  the  results  of  extracting  the  serum  with 
ether  or  chloroform.  The  lines  in  the  text-figure  show  that  in 
the  tube  containing  0.2  of  a  cubic  centimeter  of  the  unextracted 
serum,  the  digestion  was  only  10  per  cent,  of  that  obtained  in  the 
control,  while  in  the  tubes  containing  the  extracted  serum,  the  diges- 
tion was  70  per  cent,  of  the  control.  In  other  words,  the  chloro- 
form and  ether  had  removed  60  per  cent,  of  the  inhibiting  action  of 
the  serum.  Dog  serum  has  not  the  high  anti-enzyme  power  of 
human  serum,  and  this  accounts  for  the  comparatively  large  amount 
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used.  This  experiment  has  been  repeated  many  times  with  human 
serum,  horse  serum,  dog  serum,  and  guinea  pig  serum,  and  similar 
results  have  been  obtained  with  each.  It  was  found  necessary  to 
shake  the  mixtures  of  chloroform  and  ether  frequently,  otherwise 
the  inhibiting  action  of  the  serum  was  not  removed.  At  least  twice 
as  much  solvent  as  serum  should  be  used. 


Per  cent, 

100 


Black  line  ^  original  serum. 
Dotted  line  =  ether-extracted  serum. 
Broken  line  =  chloroform-extracted  serum. 
Text-Fig.  i.     Effect  of  ether  or  chloroform  extraction  on  serum  antitrypsin. 

Two  possibilities  must  be  considered  in  explaining  the  action  of 
chloroform  or  ether  on  the  enzyme-inhibiting  action  of  the  serum : 
first,  that  the  substances  causing  the  inhibiting  action  have  been 
destroyed ;  and,  second,  that  they  have  been  taken  up  by  the  solvents. 


INFLUENCE   OF   THE   REACTION    ON    EXTRACTED   SERA. 

The  next  experiment  was  conducted  to  see  if  the  activity  of  the 
serum  could  be  restored  by  rendering  it  neutral  or  slightly  alkaline  in 
reaction.  In  order  to  duplicate  the  conditions  present  in  the  last 
experiment,  ether  was  added  to  the  serum  in  two  tubes,  and  the 
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mixtures  were  kept  at  room  temperature.  A  third  tube  of  serum 
was  kept  without  any  preservative.  After  four  days  the  ether  was 
evaporated  from  one  tube,  the  serum  shaken  thoroughly,  and  then 
made  slightly  alkaline  with  a  dilute  solution  of  sodium  hydrate. 
This  was  done  to  see  if  the  acids  could  be  saponified,  and  the  activity 


Per  cent 

100 


■ 


Black  line  =r  human  serum. 
Dotted  line  ^  ether-extracted  human  serum. 
Broken  line  :=  ether-extracted  human  serum,  ether  evaporated. 
Text-Fig.  2.     Effect  of  evaporating  ether  extract  and  partial  reactivation  of 
serum. 


of  the  serum  restored.  The  ether  was  removed  from  the  second 
tube  by  means  of  a  pipette,  and  the  serum  was  then  filtered  several 
times  through  filter  paper.  It  was  made  neutral  by  adding  a  dilute 
solution  of  sodium  hydrate.  Text-figure  2  shows  the  results  ob- 
tained in  this  experiment.     The  chart  shows  that  only  8  per  cent. 
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of  digestion  was  obtained  in  the  flask  containing  0.2  of  a  cubic  cen- 
timeter of  the  untreated  serum,  while  100  per  cent,  of  digestion  was 
obtained  in  the  flask  containing  the  same  amount  of  ether-extracted 
serum.  The  serum  which  had  been  made  slightly  alkaline  after 
evaporation  of  the  ether  showed  about  half  the  inhibiting  action 
possessed  by  the  one  to  which  nothing  had  been  added.  These 
results  indicate  that  the  solvent  does  not  destroy  the  anti-enzyme. 

We  must  assume  that  the  action  of  the  alkali  is  due  to  a  combina- 
tion with  some  substance  soluble  in  ether,  as  the  alkali  did  not  re- 
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Text-Fig.  3.     Effect  of  chloroform  on  serum  antitrypsin  at  37°  C. 

Store  the  activity  of  the  serum  from  which  the  ether  had  been  re- 
moved, but  partially  restored  it  to  the  serum  from  which  the  ether 
was  evaporated.  Under  these  conditions  the  alkali  would  not  be 
likely  to  combine  with  lipoids  such  as  lecithin,  cholesterol,  etc.,  and 
so  only  the  fatty  acids  remain.  It  cannot  be  expected  that  the  full 
strength  of  the  inhibiting  action  observed  in  the  untreated  serum 
should  be  obtained  here.  Following  the  evaporation  of  the  ether, 
the  extractives  would  be  more  or  less  insoluble  in  the  serum  and  this 
would  render  it  impossible  to  saponify  all  the  free  fatty  acids 
without  the  aid  of  heat  and  an  excess  of  alkali.  If  the  removal  of 
the  inhibiting  action  at  room  temperature  by  chloroform  is  aided 
by  the  action  of  the  serum  lipase,  a  shorter  time  should  be  required 
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by  incubating  the  serum  at  37°  C,  ferments  being  more  active  at 
this  temperature. 


TIME  REQUIRED  FOR  CHLOROFORM   EXTR.\CTION   AT   ^J      C. 

In  the  next  experiment  we  wished  to  determine  the  length  of 
time  required  for  chloroform  to  remove  the  ferment-inhibiting 
action  of  the  serum  when  the  mixture  was  kept  at  37°  C.  Chloro- 
form  was   added   to    fresh   serum,   thoroughly   shaken,    and   the 
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Text-Fig.  4.     Rate  of  removal  of  serum  antitrypsin  in  normal,  inactivated, 
and  alkalinized  serum  at  37°  C. 

mixture  was  placed  in  the  incubator  at  2,7°  C.  At  fifteen  minute 
intervals  some  of  the  serum  was  removed  and  tested  for  its  ferment- 
inhibiting  properties.  In  separating  the  serum  from  the  chloroform 
it  is  necessary  to  centrifuge  the  emulsion  at  high  speed  for  about 
five  or  ten  minutes,  and  then  to  filter  it  through  coarse  filter  paper 
several  times  until  the  serum  is  quite  clear  and  all  chloroform  evapo- 
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rated.  This  experiment  demonstrates  that  the  ferment-inhibiting 
action  of  the  serum  is  almost  wholly  lost  after  sixty  minutes' 
incubation  with  chloroform  (text-figure  3). 

In  the  next  experiment  we  wished  to  determine  if  lipase  was 
essential  to  the  removal  of  the  inhibiting  substances  by  the  chloro- 
form. The  serum  was  divided  into  three  portions.  One  portion 
was  heated  at  54°  C.  for  thirty  minutes  in  order  to  destroy  the  lipase ; 
the  second  portion  was  made  distinctly  alkaline  in  order  to  prevent 
the  serum  from  becoming  acid ;  and  the  third  portion  was  used  as  a 
control.  Chloroform  was  added  to  all  three  portions  and  they 
were  then  placed  in  the  incubator.  A  portion  of  each  lot  was  re- 
moved at  fifteen  minute  intervals  and  tested  against  trypsin  for  its 
anti-enzyme  properties  (text-figure  4). 

The  results  show  that  lipase  is  not  essential  to  the  removal  of 
the  inhibiting  substances  by  the  chloroform,  and  indicate  that  the 
inhibiting  substances  are  probably  fatty  acid  esters  which  are  soluble 
in  chloroform  and  ether.  There  was  very  little  decrease  in  the  in- 
hibiting action  of  the  inactivated  serum  during  the  first  fifteen  min- 
utes of  incubation.  This  may  have  been  due  to  the  absence  of  the 
lipase,  or  to  some  physical  change  in  the  serum  caused  by  heat. 

FATTY  ACIDS  AS  ANTIFERMENTS. 

The  results  obtained  in  the  previous  experiments  indicate  that  the 
inhibiting  agents  are  compounds  of  the  fatty  acids,  and  the  next 
experiment  was  planned  to  see  if  this  was  the  case. 

Ether  was  added  to  fresh  dog  serum  and  the  mixture  was  al- 
lowed to  stand  for  two  days  at  room  temperature.  The  ether  was 
then  removed  and  divided  into  two  portions.  One  portion  was  made 
slightly  alkaline  with  sodium  alcoholate  and  evaporated  to  dryness. 
The  soaps  were  then  dissolved  in  water  and  filtered;  the  acids 
liberated  with  hydrochloric  acid,  taken  up  in  ether,  and  resaponified. 
The  second  portion  of  ether  was  shaken  with  water  and  the  ether 
then  evaporated  at  low  temperatures.  The  soaps  prepared  from  the 
first  portion,  the  emulsion  prepared  from  the  second,  and  the  serum 
from  which  the  ether  extracts  were  obtained,  were  tested  for  their 
ferment-inhibiting  action.     The  original  untreated  serum  was  used 
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as  a  control.  Text-figure  5  shows  the  percentage  of  casein  digested 
by  trypsin  after  it  had  been  incubated  for  thirty  minutes  with  these 
preparations.  The  Hnes  on  the  chart  show  that  the  soaps  prepared 
from  the  ether  extract  cause  nearly  as  much  inhibition  as  the  un- 
treated serum,  while  the  water  emulsion  gives  62  per  cent,  of  diges- 

Per  cent.  0.2  c.c.  o.l  c.c.  0.05  c.c. 

100 
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Heavy  black  line  =  original  serum. 
Lighter  black  line  ^  extracted  serum. 
Dotted  line  =  ether  extract  saponified. 
Broken  line  =  ether  eJctract  emulsified. 
Text-Fig.  $.    The  antitryptic  effect  of  the  ether  extract  of  normal  serum 
when  saponified. 


tion.  The  inhibition  caused  by  the  emulsion  is  probably  due  to 
some  of  the  acids  combining  with  the  alkali  which  had  been  used 
in  the  preparation  of  the  casein  solution.  The  soaps  thus  formed 
would  of  course  inhibit  ferment  action.  The  original  untreated 
serum  gave  lo  per  cent,  of  digestion,  and  that  extracted  with  ether 
70  per  cent.  Complete  removal  of  the  inhibiting  action  of  the 
serum  is  rarely  obtained  in  less  than  four  days'  extraction  at  room 
temperature,  and  then,  as  a  rule,  only  with  chloroform. 

Up  to  the  present  time  all  observers  have  failed  to  secure  any 
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antitryptic  effect  of  the  ether  or  chloroform  extracts.  This  is 
due  solely  to  the  fact  that  in  the  simple  emulsions  with  which  they 
worked,  the  intimate  contact  of  the  trypsin  and  the  unsaturated  fatty 
acid  complex,  which  is  the  basis  of  the  antitryptic  activity,  is  not 
brought  about.  In  the  native  serum  these  lipoids  are  in  a  state  of 
dispersion  sufficiently  great  to  permit  such  contact,  and  we  can  re- 
produce it  only  by  saponifying  these  fatty  acid  radicals  and  thus 
bringing  them  into  a  colloidal  solution  again.  We  have  found  that 
we  can  at  all  times  secure  the  antitryptic  effect  in  almost  its  original 
value  from  the  extracts,  if  care  is  taken  to  secure  complete  saponi- 
fication. If  such  extracts  are  not  well  saponified,  so  that  droplets 
of  unsaponified  material  can  be  observed  under  the  high  power 
microscope,  then  either  little  or  none  of  the  antitryptic  effect  will  be 
recovered.  The  results  of  this  experiment  indicate  that  the  inhibit- 
ing action  of  the  serum  is  due  to  the  fatty  acids.  It  is  not  neces- 
sary to  assume  that  they  can  act  only  as  soaps ;  probably  the  esters 
containing  unsaturated  fatty  acids  are  just  as  effective. 

REMOVAL    OF    ANTIFERMENT    BY    FILTERING   ACID    SERUM    THROUGH 

KAOLIN. 

The  results  that  we  have  been  discussing  were  probably  due  to 
the  extraction  of  the  fatty  acids  by  the  solvent.  The  fatty  acids 
can  also  be  liberated  by  means  of  other  acids,  in  which  case  they 
should  be  thrown  out  of  solution  and  removed  by  filtration.  The 
next  experiment  was  planned  to  find  out  if  the  inhibiting  substances 
could  be  removed  by  filtering  through  kaolin  serum  which  had 
been  made  strongly  acid  with  hydrochloric  acid. 

Twenty  cubic  centimeters  of  fresh  dog  serum  were  diluted  with 
forty  cubic  centimeters  of  water,  and  five  cubic  centimeters  of  N/io 
hydrochloric  acid  were  added.  The  mixture  was  shaken  thoroughly, 
allowed  to  stand  for  a  few  minutes,  and  then  filtered  several  times 
through  kaolin.  After  standing  for  a  short  time  to  permit  all  the 
serum  to  drain  off,  the  kaolin  was  heated  with  sodium  alcoholate. 
The  mixture  was  then  filtered  and  the  filtrate  evaporated  to  drvness. 
The  soaps  were  dissolved  in  water  and  tested  for  their  ferment-in- 
hibiting properties.  The  acid  serum  obtained  after  filtration  was 
made  neutral  and  also  tested.     Some  of  the  original  unacidified 
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serum  was  filtered  through  kaolin  to  see  if  kaolin  filtration  would 
exert  any  influence  on  normal  serum.  Text-figure  6  shows  the 
results  of  filtering  acidified  serum  through  kaolin.  The  inhibiting 
action  of  the  serum  which  was  made  acid  and  then  filtered  through 
kaolin  was  completely  lost,  and  is  therefore  not  shown  in  the  chart. 
The  soaps  prepared  from  the  kaolin  were  active  as  inhibiting  agents 
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Black  line  =  serum  diluted  by  lo  (horse). 

Dotted  line  =  kaolin  extract  saponified,  «'.  e.,  i^r  strength  of  serum. 
Text- Fig.  6.    Antitryptic  effect  of  kaolin  extract  saponified. 

and  indicate  that  the  fatty  acids  are  the  active  substances  present 
in  the  serum.  The  strength  of  the  soap  solution  was  about  o.  i  of 
that  of  the  untreated  serum.  We  have  not  been  able  by  this  method 
to  recover  a  larger  amount  of  the  inhibiting  substances,  though  the 
serum  has  usually  lost  all  its  anti-enzyme  properties. 


INFLUENCE  OF  lODIN  OR  POTASSIUM   IODIDE  ON  ANTIFERMENT. 

In  our  previous  work  (23)  we  have  shown  that  soaps  of  the  un- 
saturated fatty  acids  lose  their  ferment-inhibiting  properties  when 
treated  with  iodin.  For  this  purpose  we  used  iodin  dissolved  in  a 
solution  of  potassium  iodide  and  removed  the  excess  of  iodin  by 
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Text-Fig.    7.     Effect    of   varying   amounts    of    potassium    iodide   on    serum 
antitrypsin. 
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shaking  the  mixture  with  chloroform.  This  last  step  was  necessary, 
as  iodin  inhibits  tryptic  activity.  In  the  present  work  we  were 
unable  to  use  the  iodin-iodide  of  potassium  mixture,  as  we  have 
shown  that  serum  loses  some  of  its  ferment-inhibiting  properties 
even  when  shaken  with  chloroform  for  a  short  time.  For  these 
reasons  we  have  first  investigated  the  action  of  potassium  iodide 
alone  on  the  ferment-inhibiting  action  of  the  serum. 

Percent.  0.2  c.c.  o.i  c.c.  0.7s  c.c.  0.05  c.c. 
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1  =  dog  serum,  3  days  at  room  temperature. 

2  =  1  c.c.  dog  serum  -|-  200  mg.  potassium  iodide,  3  days  at  room  temperature. 
3=1  c.c.  dog  serum  -|-  100  mg.  potassium  iodide,  3  days  at  room  temperature. 
4=1  c.c.  dog  serum  +  200  mg.  sodium  iodide,  3  days  at  room  temperature. 
5  =  1  c.c.  dog  serum  +  100  mg.  sodium  iodide,  3  days  at  room  temperature. 

Text-Fig.  8.     Effect  of  sodium  iodide  and  potassium  iodide  on  antitrypsin 
in  vitro. 
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Fresh  human  serum  was  divided  into  six  portions  of  five  cubic 
centimeters  each.  To  one  of  these  portions,  potassium  iodide  was 
added  in  the  proportion  of  lo  milligrams  to  one  cubic  centimeter;  to 
the  second,  25  milligrams  to  one  cubic  centimeter;  and  to  the  third, 
50  milligrams;  to  the  fourth,  100  milligrams;  and  to  the  fifth,  200 
milligrams.  The  sixth  received  no  potassium  iodide  and  was  used 
as  a  control.  The  tubes  containing  the  sera  were  placed  in  the  in- 
cubator for  three  hours  and  afterwards  kept  at  room  temperature 
over  night.  The  following  morning  they  were  incubated  for  thirty 
minutes  with  trypsin,  and  the  casein  was  then  added.  Control  tubes 
containing  trypsin  and  potassium  iodide,  without  serum,  showed 
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that  the  chemical  did  not  inhibit  the  activity  of  the  trypsin.  Text- 
figure  7  shows  the  influence  of  potassium  iodide  on  the  ferment- 
inhibiting  action  of  the  blood.  The  chart  shows  that  potassium 
iodide  even  under  these  conditions  destroys  some  of  the  ferment- 
inhibiting  action  of  the  serum.  In  the  first  column  in  which  o.i 
of  a  cubic  centimeter  was  used,  the  influence  was  not  marked;  but 
in  the  second  column  in  which  0.05  of  a  cubic  centimeter  of  serum 
was  used,  there  was  considerable  diminution  of  the  inhibiting  action. 
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1  =  guinea  pig  serum  (l  c.c.  diluted  by  10),  normal. 

2  =  guinea   pig  serum    (i    c.c.  +  200  mg.   potassium   iodide),   over  night   in 

incubator. 
Text-Fig.  9.     Effect  of  potassium  iodide  on  antitrypsin  of  guinea  pig  serum. 

Another  experiment  was  made  to  see  if  other  iodides  would  act 
in  a  similar  manner.  In  this  instance  fresh  dog  serum  was  treated 
with  sodium  iodide  and  potassium  iodide.  The  technique  used  was 
the  same  as  that  described  for  the  preceding  experiment  except  that 
the  mixtures  were  kept  for  two  days  at  room  temperature.  The 
results  of  this  experiment  (text-figure  8)  are  more  striking  than 
those  of  the  preceding  one.  This  may  be  due  to  the  fact  that  the 
iodides  were  in  contact  with  the  serum  twenty-four  hours  longer. 
The  sodium  iodide  is  just  as  active  as  the  potassium  iodide  in  remov- 
ing the  inhibiting  action  of  the  serum. 
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Still  more  conclusive  are  the  results  obtained  with  guinea  pig 
serum,  as  this  serum  is  more  active  as  an  inhibiting  agent.  The 
mixture  of  serum  and  potassium  iodide  stood  in  the  incubator  over 
night.  Text-figure  9  shows  the  influence  of  potassium  iodide  on 
guinea  pig  serum. 

The  effect  of  potassium  iodide  on  the  serum  antitrypsin  seems 
to  be  most  marked  on  fresh  sera.  Treatment  of  serum  with  an 
equal  voliame  of  strong  solution  of  hydrogen  peroxide,  and  incu- 
bated over  night,  also  causes  complete  loss  of  its  antitryptic  power. 

INFLUENCE    OF    HEAT. 

Serum  loses  its  ferment-inhibiting  properties  if  it  is  heated  for 
thirty  minutes  at  65°  C.  If  the  fatty  acids  are  the  inhibiting  agents, 
they  must  undergo  some  physical  or  chemical  change  which  renders 
them  inactive.     In  the  next  experiment  we  wished  to  determine  the 
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Text-Fig.  10.     Effect  of  heat  on  the  antitryptic  activity  of  soap  and  serum. 
I  CO.  contains  o.i  c.c.  of  serum  and  o.oi  gm.  of  soap. 


influence  of  heat  on  the  ferment-inhibiting  properties  of  soap  when 
it  is  mixed  with  serum.  We  had  found  that  soaps  dissolved  in 
water  did  not  lose  their  activity  when  heated  at  ioo°  C,  and  so  it 
was  of  interest  to  determine  if  they  were  more  susceptible  in  the 
presence  of  serum  protein. 


474:  The  Nature  of  Serum  Antitrypsin. 

Linseed  oil  soap,  with  an  iodin  value  of  no,  was  used  in  this 
experiment.  A  lo  per  cent,  solution  of  dog  serum  was  prepared 
and  to  this  was  added  an  equal  amount  of  a  i  per  cent,  soap  solu- 
tion. Portions  of  the  mixture  were  heated  for  thirty  minutes  at 
30°,  40°,  50^,  and  60°  C,  and  then  tested  for  their  ferment-inhib- 
iting properties.  The  unhealed  mixture  of  soap  and  serum  and  the 
unheated  soap  and  serum  solutions  were  tested  separately  as  controls 
(text-figure  10).  The  chart  shows  that  the  soap  solution  was 
active  as  it  permitted  only  12  per  cent,  of  digestion,  while  the  serum 
was  less  active,  permitting  23  per  cent,  of  digestion.  The  unheated 
mixture  of  soap  and  serum  gave  52  per  cent,  of  digestion,  while 
the  mixtures  heated  at  30°,  40°,  and  50°  C.  gave  70  per  cent.  In 
the  mixture  heated  at  60°  C.  the  inhibition  of  ferment  action  was 
completely  lost. 

The  amount  of  inhibition  obtained  with  the  unheated  mixture  of 
soap  and  serum  was  less  than  that  obtained  with  the  soap  or  the 
serum  alone.  This  indicated  that  some  of  the  inhibiting  action  was 
destroyed  by  mixing  the  serum  and  soap.  In  our  previous  work 
we  found  that  a  slight  degree  of  acidity  was  sufficient  to  destroy 
the  activity  of  the  soaps  and  so  we  immediately  tested  the  serum 
used  in  this  experiment.  It  was  found  that  one  cubic  centimeter  of 
the  serum  required  o.i  of  a  cubic  centimeter  of  an  N/'io  sodium  hy- 
drate solution  to  neutralize  it.  This  explains  why  the  mixture  of 
soap  and  serum  was  less  active  than  the  soap  or  serum  separately. 
The  high  degree  of  acidity  was  probably  due  to  the  fact  that  the 
serum  was  several  weeks  old. 

Experiments  were  then  conducted  to  determine  the  influence  of 
heat  on  soap  mixed  with  neutral  serum.  The  same  acid  serum 
was  made  slightly  alkaline  to  phenolphthalein  by  means  of  a  sodium 
hydrate  solution.  Text-figure  11  shows  the  influence  of  heat  on 
linseed  oil  soap  when  mixed  with  neutral  serum. 

Here  again  the  unheated  mixture  of  soap  and  serum  does  not 
inhibit  the  action  of  trypsin  as  much  as  the  soap  or  the  serum  alone, 
though  it  does  show  more  inhibition  than  when  the  serum  was  acid 
in  reaction.  It  is  possible  that  here,  also,  there  was  some  dissocia- 
tion of  the  soaps  which  caused  a  decrease  of  inhibiting  action. 
Heating  at  70''  C.  caused  almost  complete  loss  of  activity  of  the 
soap-serum  mixture. 
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Further  experiments  were  made  with  serum  which  had  been  ren- 
dered distinctly  alkaHne  by  adding  o.i  of  a  cubic  centimeter  of 
N/io  sodium  hydrate  solution  to  the  neutral  serum.  This  alkaline 
serum-soap  mixture  lost  only  30  per  cent,  of  its  inhibiting  proper- 
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Text- Fig.  ii.     Effect  of  heat  on  the  antitryptic  activity  of  soap  and  serum 
in  neutral  reaction. 

ties  when  heated  for  thirty  minutes  at  70°  C.  In  other  words,  loss 
of  activity  as  the  result  of  heating  appears  to  bear  some  relation  to 
the  reaction  of  the  serum. 


DISCUSSION. 

The  results  obtained  in  the  preceding  experiments  justify,  we 
think,  the  conclusion  that  the  ferment-inhibiting  properties  of  the 
serum  are  due  to  the  presence  of  compounds  of  the  unsaturated 
fatty  acids.  Their  solubility  in  ether  or  chloroform  suggests  that 
they  are  not  in  the  form  of  soaps,  but  are  present  as  esters.  In  some 
experiments  which  are  not  described  in  this  paper,  we  found  that 
a  fine  emulsion  of  olein  in  serum  inactivated  by  heat,  or  in  salt  so- 
lution, possessed  some  ferment-inhibiting  action,  the  inhibiting 
action  bearing  a  distinct  relation  to  the  degree  of  dispersion.  This 
observation  is  significant  as  numerous  investigators  have  reported 
that  the  antitrypsin  of  the  serum  is  increased  after  eating. 
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In  our  study  of  the  ferment-inhibiting  substances  present  in 
tuberculous  caseous  material  (24)  we  at  first  thought  that  the  un- 
saturated fatty  acids  were  present  in  the  form  of  soaps,  but  sub- 
sequent experiments  showed  that  they  could  also  be  extracted  by 
means  of  chloroform  or  ether,  after  which  the  material  was  digesti- 
ble by  trypsin.  These  results  indicate  that  here  also  the  acids  in 
the  form  of  esters  are  active  as  inhibiting  agents. 

If  fresh  serum  is  tested  daily  for  its  ferment-inhibiting  action  it 
will  be  found  that  its  strength  decreases  from  5  to  10  per  cent,  for 
the  first  few  days;  after  that  it  remains  almost  constant  for  an 
indefinite  period  of  time.  With  this  decrease  in  anti-enzyme  activ- 
ity there  is  an  increase  in  acidity.  The  acidity  is  probably  due  to 
the  liberation  of  fatty  acids  by  the  action  of  the  serum  lipase  on  the 
fatty  acid  compounds  present.  If  serum  lipase  is  mixed  with  ethyl- 
butyrate  and  then  incubated,  the  degree  of  acidity  will  be  found  to  be 
practically  the  same  at  the  end  of  four  hours  as  after  twenty-four 
hours.  But  if  the  mixture  is  made  neutral  at  the  end  of  the  first 
four  hours  and  again  incubated,  the  acidity  at  the  end  of  the  second 
four  hours  will  be  almost  equal  to  that  obtained  after  the  first 
incubation.  In  other  words,  the  ferment  can  act  to  a  certain  point 
only;  after  that  its  action  is  inhibited  either  by  the  amount  of  acids 
liberated  or  by  the  synthetic  compounds  formed  from  the  acids. 
When  chloroform  or  ether  is  added  to  the  serum,  the  acids  are 
taken  up  by  the  solvent  almost  as  fast  as  they  are  liberated,  and  so 
they  do  not  interfere  with  the  action  of  the  lipase.  Under  these 
conditions  the  ferment  remains  active  until  most  of  the  substrate 
consisting  of  the  fatty  acid  compounds  has  been  destroyed.  We 
have  found  that  chloroform  acts  better  than  ether  in  removing  the 
inhibiting  agent,  and  this  is  to  be  expected  as  chloroform  is  known 
to  exert  less  influence  on  ferment  activity.  This  hypothesis  also 
explains  why  a  serum  can  be  left  for  months  with  other  preserva- 
tives without  losing  all  its  antiferment  properties.  In  order  to 
remove  the  inhibiting  substances  with  chloroform  it  is  necessary 
that  a  large  amount  of  the  solvent  be  used,  and  that  the  mixture 
be  shaken  frequently. 

Two  possibilities  must  be  considered  in  explaining  the  destruc- 
tion of  the  ferment-inhibiting  properties  of  the  serum  by  heat :  first, 
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it  might  be  due  to  saturation  of  the  unsaturated  fatty  acids;  second, 
to  the  mechanical  inclusion  of  the  fatty  acid  compounds  in  the  fine 
coagula  caused  by  the  heating.  If  the  fatty  acids  become  saturated 
when  heated  with  protein  the  combination  formed  must  be  easily 
dissociated,  as  their  activity  is  not  permanently  lost.  If  an  inactive 
soap-serum  mixture  is  saponified  with  strong  solutions  of  sodium 
hydrate,  and  the  fatty  acids  are  then  liberated  in  the  usual  manner 
and  resaponified,  it  will  be  found  that  the  soaps  are  just  as  active  as 
those  obtained  from  an  unheated  portion  of  the  same  mixture.  At 
first  we  thought  the  destruction  of  the  inhibiting  action  was  due  to 
the  mechanical  inclusion  of  the  fatty  acid  compounds  in  the  fine  co- 
agula caused  by  heating,  but  subsequent  experiments  with  sera  made 
strongly  alkaline  with  sodium  hydrate  disproved  this.  Under  these 
conditions,  coagula  would  not  form,  yet  the  resistance  of  the  in- 
hibiting substances  to  heat  was  greatly  increased.  We  have  noticed 
frequently  that  there  is  an  increase  of  from  5  to  20  per  cent,  in  the 
antiferment  activity  of  sera  heated  for  fifteen  minutes  at  54°  to 
55°  C,  especially  in  sera  that  are  lipemic. 

Thiele  (23)  found  that  the  neutral  fat  of  chyle  was  adsorbed  by 
serum  when  the  mixture  was  kept  for  several  hours  at  37°  C.  The 
fat  in  such  a  mixture  could  not  be  extracted  with  ether,  but  the 
combination  could  be  broken  up  by  peptic  digestion  and  by  treat- 
ment with  alcohol.  A  similar  explanation  may  apply  to  our  ob- 
servation that  a  soap-serum  mixture  heated  at  70°  C.  loses  its  anti- 
enzyme  properties.  The  iodin  values  of  the  heated  and  unheated 
mixtures  are  the  same.  We  must  therefore  assume  that  the  com- 
bination formed  is  one  which  is  readily  dissociated. 

The  efifect  of  the  potassium  iodide  is  probably  due  to  the  liberation 
of  small  amounts  of  free  iodin  which  can  then  saturate  the  un- 
saturated carbon  bonds.  Thus  the  iodin  value  (determined  by 
precipitating  the  serum  proteins  by  alcohol  and  titrating  the  alco- 
holic filtrate)  of  a  serum  treated  with  potassium  iodide  falls  to 
almost  one  fifth  of  the  original  value.  Free  iodin  dissolved  with  a 
small  amount  of  potassium  iodide  also  lowers  the  antitryptic  activ- 
ity. The  relation  of  the  iodide  to  serum  antitrypsin  will  be  dis- 
cussed in  a  later  paper.  The  influence  of  iodin  in  removing  the 
inhibiting  action  of  the  serum  shows  that  the  inhibiting  agents  be- 
long to  the  unsaturated  group  of  the  fatty  acids. 
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The  effect  of  hydrogen  peroxide  in  completely  destroying  the 
antitryptic  activity ;  the  fact  that  the  extracted  lipoids,  which  are  the 
active  agents,  are  all  unsaturated  compounds,  having  an  iodin  value 
of  from  fifty  to  sixty;  and  also  'the  fact  that  sera  with  a 
high  antitr3'ptic  index  give  a  higher  iodin  value  than  sera  with  a 
low  antitryptic  index,  all  tend  to  confirm  this  view  from  a  chemical 
standpoint.  From  the  clinical  investigations  so  far  reported  there 
is  similar  confirmation;  there  is  an  increase  of  the  antiferment  after 
eating;  in  the  acute  infections  such  as  typhoid  fever,  pneumonia, 
etc. ;  in  chronic  infections  such  as  syphilis  and  tuberculosis ;  in 
Graves"  disease ;  and  in  the  severe  anemias,  such  as  those  accompany- 
ing malignant  growths,  etc.  In  all  but  the  first  of  these  conditions, 
the  demands  of  the  body  or  the  action  of  the  toxins,  cause  a  marked 
inroad  into  the  fat  depots  of  the  body.  This  disappearance  of  fat 
in  conjunction  with  a  lowering  of  the  oxidation  powers  of  the  liver 
and  tissues  in  general  causes  an  increase  in  the  amount  of  unsatu- 
rated fatty  acids  in  the  blood  and  thus  an  increase  in  the  ferment- 
inhibiting  action. 

CONCLUSIONS. 

1.  The  ferment-inhibiting  action  of  the  serum  is  due  to  the 
presence  of  compounds  of  the  unsaturated  fatty  acids. 

2.  These  fatty  acid  compounds  may  be  removed  from  the  serum 
by  means  of.  chloroform  or  ether. 

3.  Soaps  prepared  b}'  saponifying  the  chloroform  or  ether  ex- 
tracts inhibit  the  action  of  trypsin. 

4.  The  anti-enzyme  action  of  the  serum  can  be  removed  by  filter- 
ing acid  serum  through  kaolin,  and  can  in  part  be  restored  by 
extracting  the  kaolin. 

5.  The  decrease  in  strength  of  anti-enzyme  in  old  sera  is  prob- 
ably due  to  the  action  of  the  serum  lipase. 

6.  Iodin,  potassium  iodide,  or  hydrogen  peroxide  remove  the 
inhibiting  action  of  the  serum. 

7.  Soaps  of  the  unsaturated  fatty  acids  lose  their  ferment-inhibit- 
ing action  when  heated  with  serum  at  70°  C. 
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SEROTOXIN. 
Studies  on  Ferment  Action.     XIV.* 

By  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

In  a  previous  paper  ( i )  we  have  demonstrated  the  Hpoidal  nature 
of  serum  antitrypsin  and  have  discussed  the  various  methods  which 
may  be  employed  to  remove  the  antitrypsin  from  the  serum ;  i.  e.,  by 
extraction,  or  by  the  saturation  or  oxidation  of  the  unsaturated  car- 
bon bonds  of  the  fatty  acids  on  which  the  antitryptic  property  de- 
pends. In  view  of  the  fact  that  practically  all  sera  contain  pro- 
teolytic ferments,  we  undertook  to  determine  whether  or  not  sera 
from  which  the  protective  substance  had  been  removed,  with  re- 
sulting exposure  of  the  serum  proteins,  would  be  toxic  for  the 
homologous  animal;  and  if  so  whether  complete  removal  of  the 
lipoids  was  necessary  to  produce  toxic  effects.  Apart  from  the 
interest  that  such  a  study  would  have  in  relation  to  the  production 
of  the  so  called  anaphylatoxins,  we  felt  that  numerous  pathological 
conditions,  which  at  present  are  not  wholly  understood,  might  pos- 
sibly have  their  basis  in  a  protein  intoxication, — a  true  auto-intoxi- 
cation in  the  sense  that  the  toxic  substances  were  formed  from  the 
serum  or  cellular  protein  of  the  host,  and  without  reference  to  the 
gastro-intestinal  tract.  We  have  in  mind  particularly  such  condi- 
tions as  arteriosclerosis,  nephritis,  asthma,  and  acute  acidosis  in  in- 
fants. The  work  of  Longcope  (2)  supports  this  idea.  He  ob- 
served that  repeated  injections  of  ^g%  albumen  into  sensitized  dogs 
and  cats  caused  nephritis  and  other  organic  lesions. 

toxicity  of  sera  which  have  been  rendered  acid  and 

then  filtered. 
Our  first  experiments  were  made  with  serum  from  which  the 
lipoids  had  been  removed  by  acidifying  the  serum  and  then  filter- 
*  Received  for  publication,  March  12,  1914. 
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ing  it  through  hard  paper  fihers  and  kaoHn,  or  through  a  Berkefeld 
filter.  We  have  shown  that  part  of  the  antitrypsin  can  be  recovered 
from  such  filters  by  saponification. 

0.2  of  a  cubic  centimeter  of  N/io  sulphuric  acid  was  added  to  each  cubic 
centimeter  of  fresh  guinea  pig  serum,  and  the  mixture  was  filtered  several  times 
through  a  hard  paper  filter  in  the  evening.  It  was  then  placed  on  ice  over  night, 
and  on  the  following  morning  it  was  neutralized  before  injection.  In  all  in- 
stances unless  otherwise  stated  the  injections  were  given  intravenously. 
Amount  injected.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

4  c.c.  250  gm.  0.016  c.c. 

This  dose  given  intravenously  caused  the  immediate  symptom  complex  of  ana- 
phylaxis with  death  of  the  animal  in  two  minutes.  The  autopsy  findings  were 
typical, — lungs  emphysematous,  heart  beating,  and  blood  fluid. 

In  the  next  experiment  4  c.c.  of  N/4  hydrochloric  acid  were  added  to  20  c.c. 
of  guinea  pig  serum  and  left  over  night  in  the  ice  box.  Before  injection  it  was 
passed  through  a  Berkefeld  filter. 

Amount  injected.  Weight  of  guinea  pig.  Dose  per  gm    of  weight. 

S  c.c.  (not  neutralized).  330  gm.  0.015  c.c. 

There  were  marked  respiratory  convulsions,  defecation,  scratching  of  the  no?e, 
and  the  animal  was  weak  for  several  hours,  though  it  finally  recovered. 
Amount  injected.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

5  c.c.  (neutralized).  250  gm.  0.02  c.c. 

Typical  death  in  three  minutes.  At  autopsy  the  lungs  were  emphysematous,  the 
heart  was  beating,  and  there  were  no  intravascular  clots. 

In  both  of  these  experiments  the  serum  from  which  the  lipoids 
had  been  removed — not  merely  rendered  inactive  by  acidifying — ■ 
had  become  toxic  for  its  own  species  in  doses  from  0.016  to  0.02 
of  a  cubic  centimeter  per  gram  of  weight.  The  simple  acidification 
of  the  serum,  which  inactivates  its  antitryptic  effect,  does  not  seem 
to  make  the  sera  toxic  in  the  same  degree,  probably  because  on  rein- 
jection  the  lipoids  are  again  brought  into  a  more  active  condition. 
Some  toxic  symptoms  are,  however,  elicited  by  such  sera  in  large 
doses  (five  cubic  centimeters). 

TOXICITY  OF  SERA  AFTER  EXTRACTION  WITH  ETHER  OR  CHLOROFORM. 

We  have  shown  that  serum  antitrypsin  can  be  removed  by  ether 
extraction,  and  that  the  antitrj-psin  can  be  recovered  in  an  almost 
quantitative  relation  from  the  ether  extract  by  saponification  of  the 
extracted  lipoids.  That  such  sera  are  toxic  is  shown  in  the  fol- 
lowing experiments. 
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Guinea  pig  serum  was  placed  under  ether  on  Jan.  6  at  room  temperature  and 
was  left  for  two  days.    The  flask  was  shaken  occasionally. 
Amount  injected.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

4  c.c.  330  gm.  0.012  c.c. 

Death  was  immediate.  The  lungs  were  emphysematous,  the  heart  had  ceased 
beating,  there  was  a  firm  clot  in  the  right  ventricle,  and  the  gall  bladder  was 
distended. 

A  second  preparation  of  serum  was  placed  under  ether  on  January 
8  and  permitted  to  stand  at  room  temperature  until  January  13. 
The  effect  on  intravenous  injection  was  as  follows  : 


Dose 
in  c.c. 

Weight  of 
guinea  pig. 

Dose  per  gm. 
of  weight. 

Result, 

4  c.c. 

330  gm. 

0.012  c.c. 

Immediate  death.  Lungs  emphysematous.  Heart 
filled  with  a  large  clot. 

2  c.c. 

245  gm. 

0.008  C.C. 

Immediate  death.     Findings  as  above. 

I  c.c. 

320  gm. 

0.003  c.c. 

Some  respiratory  spasms.  Looked  sick.  Complete 
recovery. 

In  like  manner  chloroform  will  remove  the  serum  antitrypsin,  the 
result  being  even  more  rapid  than  with  ether.  It  is  best  to  mix 
about  two  volumes  of  pure  chloroform  with  one  volume  of  serum 
and  to  shake  the  mixture  thoroughly,  so  that  a  thick  emulsion  is 
formed.  After  incubation  or  standing  at  room  temperature  the 
emulsion  is  centrifuged  at  high  speed,  and  the  supernatant  serum 
is  pipetted  off  and  filtered  through  a  coarse  filter  paper  until 
the  serum  is  quite  clear  and  all  the  chloroform  has  evaporated. 
In  the  next  experiment  the  serum  was  extracted  with  chloroform 
for  two  days  at  room  temperature  and  the  serum  then  removed. 

Amount  injected.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

3.5  c.c.  185  gm.  0.018  c.c. 

Death  was  almost  instantaneous.    The  lungs   were   emphysematous,  the  heart 
beating,  and  the  blood  fluid. 

A  similar  preparation  was  kept  at  room  temperature  for  five  days 
and  then  tested. 


Dose. 

Weight  of 
guinea  pig. 

Dose  per  gm. 
of  weight. 

Result. 

4.0  c.c. 
2.0  C.C. 
1.0  c.c. 
o.s  c.c. 

280  gm. 
310  gm. 
320  gm. 
36s  gm. 

0.014    c.c. 
0.006   c.c. 
0.003    <^.c. 
0.0013  c.c. 

Immediate  death. 
Immediate  death. 
Immediate  death. 

Respiratory  spasm.     Looked  sick.     Complete" 
recovery. 
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TOXICITY   OF   IODIZED   SERA. 

We  have  shown  that  the  antitryptic  effect  of  the  serum  can  be 
completely  destroyed  by  agents  that  oxidize  or  saturate  the  unsatu- 
rated bonds  of  the  fatty  acids,  as  for  instance  with  potassium  or 
sodium  iodide,  free  iodin,  or  hydrogen  peroxide.  The  iodide  can 
not  be  used  for  the  preparation  of  serotoxin  because  to  lower  the 
antitryptic  index  relatively  large  amounts  must  be  used  and  these 
salts  in  themselves  injected  intravenously  in  small  doses  will  pro- 
duce toxic  effects  similar  to  the  toxic  effects  of  the  serum. 

Free  iodin  dissolved  in  serum  containing  only  a  trace  of  potas- 
sium iodide  can  be  readily  used  for  our  purpose,  according  to  the 
method  described  by  von  Dungern  and  Hirschfeld  (3).  With  an 
excess  of  iodin  a  heavy  precipitate  is  thrown  out  of  the  serum,  but 
this  is  redissolved  on  the  addition  of  an  excess  of  sodium  hydroxide, 
and  the  serum  can  then  be  brought  back  to  a  neutral  reaction  and 
will  remain  clear.  It  requires  about  two  days  at  incubator  tem- 
perature to  remove  completely  the  antitryptic  action.  Such  sera 
remain  sterile  and  will  not  autolyze  if  an  excess  of  iodin  is  added. 
The  results  of  an  intravenous  injection  of  an  iodized  serum  which 
no  longer  had  any  antitryptic  effect  were  as  follows : 


Dose. 

Weight  of 
^inea  pig. 

Dose  per  gm. 
of  weight. 

Result. 

3.2  C.C. 

1.6  C.C. 

320  gm. 
310  gra. 

O.OI     C.C. 
0.005  C.C. 

Death  in  2  min.     Lungs  emphysematous.     Heart 

blood  fluid.     Heart  beats  strongly. 
No  effect. 

Typical  anaphylactic  shock  was  produced  with  immediate  fatal 
result  in  a  guinea  pig  which  had  not  been  sensitized.  This  result  is 
of  course  not  comparable  to  the  work  of  Bruck  (4)  and  Friedberger 
and  Ito  (5),  who  have  attempted  to  show  that  animals  may  be 
sensitized  to  iodized  proteins.  It  is  interesting  to  note  that  von 
Dungern  and  Hirschfeld  (3)  observed  that  their  iodized  sera  under- 
went autolysis  readily,  but  they  could  find  no  explanation  for  this 
fact,  because  they  found  no  difference  in  the  digestion  of  casein 
when  iodized.  They  entirely  overlooked  the  fact  that  the  iodin 
might  act  on  other  bodies  besides  proteins.  We  have  observed  no 
increase  in  autolysis  if  an  excess  of  iodin  is  present  because  the  iodin 
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itself  interferes  with  ferment  action.  The  serum  proteins  are,  how- 
ever, digested  more  easily  by  trypsin  after  such  treatment.  We 
have  been  unable  to  secure  toxic  sera  by  treatment  with  strong 
hydrogen  peroxide. 

INFLUENCE  OF  TIME  ON  CHLOROFORM  EXTRACTION. 

We  next  determined  the  length  of  time  required  for  serum  kept 
at  room  temperature  under  chloroform  to  become  toxic.  For  brev- 
ity the  result  has  been  charted  in  text-figure  i.     The  serum  before 

C.c.  per  gm. 
of  weight  of 
guinea  pig.  1st  day.  2d  day.  3d  day.  4th  day.  5th  day.  6th  day. 

0.008 


0.006 


Total  non-  0.4  mg.  0.5  mg.  0.6  rag.  I  2  mg„ 

coagulable 
nitrogen 
per  c.c.  of 
serum. 

Black  =  minimum  lethal  dose  per  gm.  of  weight  of  guinea  pig. 

Shaded  =  sublethal  dose. 

Text-Fig.  i.     Toxicity  of  guinea  pig  serum  treated  with  chloroform  at  room 

temperature. 

treatment  was  not  toxic  in  large  doses  (5  cc),  and  the  total  non- 
coagulable  nitrogen  per  cubic  centimeter  amounted  to  0.2  of  a  milli- 
gram. As  will  be  seen  from  the  chart  there  was  a  progressive  in- 
crease in  toxicity  after  the  first  day  until  a  maximum  was  reached 
on  the  fifth  day,  when  the  minimum  lethal  dose  was  0.003  of  a  cubic 
centimeter  per  gram  of  weight,  or  0.75  of  a  cubic  centimeter  for  a 
guinea  pig  weighing  250  grams.     There  then   follows  a   rather 


James  W.  Jobling  and  William  Petersen. 


485 


sudden  loss  of  toxicity,  so  that  0.005  of  ^  cubic  centimeter 
per  gram  of  weight  was  no  longer  toxic.  During  this  time  there  had 
been  a  constant  autolysis  of  the  serum,  as  indicated  by  the  increase 
in  the  total  non-coagulable  nitrogen  (Folin's  method)  from  0.2  of  a 
milligram  per  cubic  centimeter  to  1.2  milligrams  per  cubic  centimeter 
on  the  sixth  day.  In  each  case  the  minimimi  lethal  dose  caused  the 
typical  anaphylactic  complex,  although  it  was  found  that  excessive 


Cc.  per  gm. 
of  weight  of 
guinea  pig. 
0.020 

0.018 

0.016 

0.014 

0.012 

o.oio 

0.008 

0.006 


0.004 


24  hrs.  48  hrs.  72  hrs.  24  hrs,  48  hrs.  72  hrs. 

Activated  serum  under  chloroform  at      Inactivated    serum    under    chloroform 

37°  C.  at  37°  C. 

Black  =:  minimum  lethal  dose  in  cc.  per  gm.  of  weight. 
Shaded  =  sublethal  dose. 

Text-Fig.  2.     Toxicity  of  guinea  pig  serum  treated  with  chloroform  at  37°  C. 

doses,  two  minimum  lethal  doses,  caused  thrombosis  in  the  larger 
vessels  and  heart. 

When  left  at  37°  C.  the  serum  becomes  toxic  much  earlier,  and 
the  atoxic  stage  is  correspondingly  produced  at  an  earlier  period  of 
time  (text-figure  2).  The  active  serum  so  prepared  has  reached  a 
very  toxic  stage  in  twenty- four  hours,  so  that  0.0015  of  ^  cubic 
centimeter  per  gram  of  weight  of  guinea  pig  is  toxic, — 0.31  of  a 
cubic  centimeter  killed  a  guinea  pig  weighing  210  grams, — while  the 
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inactivated  serum  (fifteen  minutes  at  54°  C. )  is  toxic  only  in  a  much 
larger  dose,  0.02  of  a  cubic  centimeter  per  gram  of  weight.  After 
forty-eight  hours,  however,  the  active  serum  has  become  less  toxic, 
while  the  inactivated  serum  has  become  more  toxic  than  before. 
Here,  as  in  the  previous  experiment,  there  is  a  constant  increase  in 
the  amount  of  non-coagulable  nitrogen.  In  other  experiments  we 
have  observed  that  the  toxicity  will  reach  its  maximum  within  eight 
to  twelve  hours  and  will  then  rapidly  decline.  This  depends  en- 
tirely upon  the  amount  and  the  rate  of  removal  of  the  lipoid  pro- 
tective substances.  Thus  the  inactivated  serum  becomes  toxic  less 
rapidly  owing  to  the  fact  that  the  antitrypsin  is  removed  more 
slowly  than  from  the  active  serum  at  37°  C. 


IS  min.  30  min.  60  min. 

Text-Fig.  3.  Curve  showing  the  rate  of  extraction  of  serum  antitrypsin  by 
chloroform  at  37°  C. 

The  rate  of  removal  of  the  antitrypsin  from  the  serum  by  chloro- 
form is  shown  in  text-figure  3.  In  this  experiment  samples  of 
serum  were  removed  from  the  incubator  at  fifteen  minute  intervals, 
and  the  antitrypsin  was  determined  by  the  method  described  in  our 
previous  papers  (6). 
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0.075  c.c.  of  normal  serum  inhibited  84  per  cent,  of  digestion. 
After  15  minutes  under  chloroform  it  inhibited  48  per  cent,  of  digestion. 
After  30  minutes  under  chloroform  it  inhibited  27  per  cent,  of  digestion. 
After    I  hour       under  chloroform  it  inhibited  10  per  cent,  of  digestion. 

In  one  hour  practically  all  the  antitrypsin  has  been  extracted. 
When  made  strongly  alkaline  this  extraction  is  markedly  accelerated, 
while  the  inactivated  serum  is  more  resistant  to  the  chloroform  ex- 
traction during  the  first  half  hour,  although  after  about  an  hour's 
extraction  the  lipoids  in  this  case  are  also  removed.  The  serum 
is  toxic,  however,  before  all  the  antitrypsin  is  removed.  This 
is  shown  by  removing  a  sample  after  one  half  hour's  incubation. 
These  sera  kill  in  a  dose  of  about  o.oi  of  a  cubic  centimeter  per 
gram  of  weight,  and  in  this  case  the  immediate  cause  of  death  is 
intravascular  coagulation.  There  is  no  increase  in  the  non-coag- 
ulable  nitrogen  at  this  time. 


PROTOCOL  I. 
One  Hour  Chloroform  Serum. 

Dose. 

Weight. 

Dose  per  gm. 
of  weight. 

Result. 

4o    c.c. 
3.2    c.c. 

300  gra. 
270  gm. 

0.015     C.c. 
0.012     C.C. 

Immediate  death. 

Respiratory  spasms.     Prostrated  for  30  min.     Re- 
covery. 

Two  Hour  Chloroform  Serum. 

4.0    c.c. 
1.6    c  c. 

260  gm. 
215  gm. 

0.015    c.c. 
0.0075  C.C. 

Immediate  death. 

Death  in  15  min.     Lungs  distended.     Heart  blood 
fluid.     Heart  beats. 

Four  Hour  Chloroform  Serum. 

1.7    c.c. 
I.o    c.c. 

280  gm. 
340  gm. 

0.006    C.C. 
0.003    C.C. 

Immediate  death.  Heart  blood  clotted.  Heart 
does  not  beat.     Lungs  emphysematous. 

Death  in  30  min.  Heart  beats.  Lungs  somewhat 
distended. 

Six  Hour  Chloroform  Serum. 

I.I    c.r. 
0.62  c.c. 

370  gm. 
310  gm. 

0.003    c.c. 

0.002      c.c. 

Immediate    death.     Heart    blood    clotted.     Lungs 

distended. 
Immediate  respiratory  spasms.     Prostrated.   Death 

in   20   min.     Small   clot   in  right   heart.     Blood 

fluid.     Lungs  slightly  distended. 
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In  text-figure  4  is  shown  the  rate  of  increase  of  toxicity  ob- 
served at  I,  2,  4,  6,  24,  and  48  hour  intervals  of  serum  kept  under 
chloroform.  As  will  be  observed  there  is  a  rapid  increase  dur- 
ing the  first  six  hours,  after  which  the  toxicity  remains  at  a  constant 
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Text- Fig.  4.  Curve  showing  the  increase  of  toxicitj-  of  guinea  pig  serum 
treated  with  chloroform  at  37°  C.  Minimum  lethal  dose  in  c.c.  per  gm.  of 
weight. 


level  for  a  period  of  twelve  or  more  hours,  and  then  rapidly  de- 
creases. The  minimum  lethal  doses  have  been  charted  from  pro- 
tocol I.  The  twenty-four  and  forty-eight  hour  tests  were  made  at 
a  different  time,  though  with  the  same  lot  of  serum. 
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INTRAVASCULAR    CLOTTING. 

The  minimum  lethal  dose  of  the  toxic  sera  when  given  intraperi- 
toneally  is  much  larger,  at  least  five  to  six  times  the  intravenous 
dose  being  required.  The  immediate  cause  of  death  observed  in 
the  minimum  lethal  dose  has  been  either  a  typical  anaphylactic  com- 
plex, with  the  lungs  emphysematous,  the  heart  beating,  and  the 
blood  fluid, — observed  in  the  acidified  and  filtered  serum,  in  the 
iodized  serum,  and  in  the  chloroform  serum,  especially  when  kept  at 
room  temperature ;  or  death  has  been  due  to  immediate  intravascular 
coagulation  with  a  secondary  emphysema,  observed  in  the  ether  sera, 
and  in  the  chloroform  serum  prepared  at  27°  C.  In  order  to  rule 
out  the  efifect  of  coagulation  we  have  made  the  following  experi- 
ments. The  serum  used  in  this  experiment  had  been  incubated  for 
two  hours  at  37'^  C.  The  minimum  lethal  dose  was  then  deter- 
mined. 


Weight  of 
Uose,         guinea  pig. 


Dose  per  gm. 
of  weight. 


Remarks. 


1.0  c.c. 

1.1  c.c. 


340  gm. 
220  gm. 


0.003  c.c. 
0.005  c.c. 


Weak.      Prostrated.      Recovered. 

Immediate  death.       Intravascular  coagulation. 


Some  of  this  serum  was  mixed  with  saline  solution  to  which  had 
been  added  i  per  cent,  sodium  citrate,  and  injected. 

Dose.             Citrate.  Weight  of  guinea  pig.             Dose  per  gm.  of  weight. 

I.2S  c.c.          1.25  c.c.  250  gm.                                       0.005  c.c. 

Immediate  death.     Heart  found  beating.     Lungs  emphysematous.     Small  clot  in 
right  heart. 

Inasmuch  as  there  was  a  small  clot  present  we  increased  the 
amount  of  citrate. 

Serum.  Citrate.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

I  c.c.  2  c.c.  200  gm.  0.005  c.c. 

Death  in  2  min.     Blood  fluid.    Lungs  emphysematous.     Heart  beating. 

Even  without  a  trace  of  clotting,  we  find  the  serum  prepared  in 
this  way  toxic  in  the  same  dose,  and  post-mortem  examination 
shows  a  typical  lung  finding. 

We  next  prepared  some  hirudinized  animals  and  injected  them 
five  minutes  after  treatment  with  hirudin.  In  this  case  each  guinea 
pig  received  two  minimum  lethal  doses  of  the  toxic  sera. 
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Dose.  Weight  of  guinea  pig.  Amount  of  serum  per  gm.  of  weight. 

2.23  c.c.  225  gm.  o.oi  c.c. 

Typical  death  in  two  minutes.     No  clotting.     Lungs  emphysematous. 

We  then  used  a  single  minimum  lethal  dose  and  also  one  and 
one  fourth  minimum  lethal  doses,  as  will  be  seen  below. 

Dose.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight 

0.825  c.c.  165  gm.  o.oos    c.c. 

l.o      c.c.  160  gm.  0.0062  c.c. 

No  immediate  result.  The  animals  seemed  well  and  were  placed  in  the  cage  over 
night.  The  next  morning  both  were  found  dead;  in  each  case  the  blood  was 
fluid,  the  lungs  emphysematous,  although  not  so  markedly  as  in  acute  anaphylactic 
shock. 

INHIBITION    OF    TOXIC    ACTION. 

Dilution  of  a  single  minimum  lethal  dose  with  an  equal  volume 
of  normal  guinea  pig  serum,  and  incubation  for  thirty  minutes  be- 
fore injection  does  not  alter  the  toxicity,  but  heating  to  70°  C.  for 
thirty  minutes  greatl}'  decreases  it. 

If  the  assumption  that  we  are  removing  a  protective  substance 
from  the  serum  is  correct,  then  by  returning  the  extracted  substance 
to  the  serum  it  should  become  non-toxic.  We  have  previously 
shown  (i)  that  by  saponifying  the  ether  and  chloroform  extracts 
of  sera  we  can  recover  all  the  antitrypsin.  These  protective  lipoids 
are  not  originally  present  in  the  serum  as  soaps,  but  inasmuch  as  it 
is  practically  impossible  to  get  the  lipoids  back  into  solution  in  the 
serum  in  the  fine  state  of  dispersion  in  which  form  only  they  are 
active,  we  must  saponify  them,  and  in  the  form  of  soaps  attempt 
to  reintroduce  them  into  the  serum.  Twenty  cubic  centimeters  of 
guinea  pig  blood  were  placed  under  chloroform  for  two  hours,  the 
serum  was  then  separated  and  tested  for  toxicity. 


Dose. 


0.9    C.C. 
0.51  c.c. 


Weight  of         Dose  per  gm. 
guinea  pig.  of  weight. 


180  gm.          0.005  C.C.     I  Immediate  death  with  intravascular  clotting,  etc. 
170  gm.  0.003  c.c.      Scratches;  no  symptoms. 

The  minimum  lethal  dose  was  therefore  0.005  of  a  cubic  centi- 
meter per  gram  of  weight.  The  chloroform  extract  was  mixed 
with  an  equal  volume  of  alcohol  and  water  and  made  strongly  alka- 
line with  sodium  hydrate.  This  was  heated  in  the  water  bath  for 
an  hour.     The  mixture  was  then  acidified,  and  the  fatty  acids  were 
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taken  up  in  ether  and  resaponified  by  neutralization  with  alcoholic 
sodium  hydrate.  These  soaps  were  now  mixed  with  1.5  cubic 
centimeters  of  the  serotoxin  and  incubated  for  fifteen  minutes. 

Dose  injected.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

I.I  c.c.  215  gm.  0.005  c.c. 

There  were  no  immediate  symptoms  and  the  animal  remained 
well.  The  toxicity  had  therefore  been  completely  neutralized.  In 
like  manner  one  can  completely  neutralize  the  serotoxin  by  adding 
soaps  of  the  unsaturated  fatty  acids,  which,  as  we  have  shown  (6), 
have  marked  antitryptic  properties,  although  they  are  less  active 
when  mixed  with  serum  than  when  dissolved  in  salt  solution.  The 
serotoxin  here  used  was  freshly  prepared  and  autolysis  had  not 
occurred,  so  that  preformed  toxic  split  products  of  proteins  (pri- 
mar)-  proteoses)  were  probably  not  present.  If  on  the  other  hand 
we  use  a  serotoxin  which  has  been  prepared  at  room  temperature 
by  standing  for  several  days,  in  which  there  is  a  marked  increase  in 
the  total  non-coagulable  nitrogen,  and  from  which  one  can  isolate 
toxic  proteoses,  then  the  neutralization  by  the  soap  is  no  longer  com- 
plete, the  effect  depending  of  course  on  the  relative  amount  of  the 
proteins  and  their  toxic  split  products  already  formed. 

A  chloroform  serum  standing  for  five  days  at  room  temperature 
caused  immediate  death  in  doses  of  0.003  of  a  cubic  centimeter 
per  gram  of  weight.  Soap  was  prepared  from  serum  lipoids  and 
mixed  with  the  dose. 

Dose.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

I  c.c.  280  gm.  0.0035  c.c. 

There  were  immediate  respirator)-  convulsions,  after  which  the  animal  recovered 
for  ten  minutes ;  then  clonic  convulsions  occurred  at  frequent  intervals,  with 
death  in  thirtj-  minutes.  In  a  similar  way  a  dose  was  prepared  by  adding  10  mg. 
of  linseed  soap  (iodin  value  no),  and  in  this  case,  also,  while  immediate  death 
was  prevented,  the  ultimate  result  was  fatal. 

Dose.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

I  c.c.  330  gm.  0.003  c.c. 

If  the  toxicity  of  the  serotoxin  depends  on  the  exposure  of  the 
proteins,  so  that  they  can  be  easily  split  to  toxic  products  in  the 
injected  animal,  then  the  reduction  of  the  normal  antiferments  in 
the  injected  animal  should  render  the  serotoxin  more  toxic  than 
for  a  normal  animal.     A   three   hour  serotoxin    (chloroform  at 
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37°  C.)  was  used,  the  minimum  lethal  dose  of  which  was  0.005  of  a 
cubic  centimeter  per  gram  of  weight.  Four  guinea  pigs  were  pre- 
pared in  the  morning  by  shaving  the. abdomen  and  painting  with 
tincture  of  iodin,  so  that  each  animal  received  about  0.2  of  a  gram 
of  iodin.  In  this  way  one  can  reduce  the  serum  antitrypsin  in  an 
amount  shown  in  text-figure  5,  in  which  the  black  line  represents  the 


■  cent,    0.2  c.c. 

0.1  c.c. 

0.07s  c.c. 

0.05  c.c. 

0.025  c.c. 

o.oi  c.c. 

90 
80 
70 
60 

SO 

40 

: 

1 

j 

! 

30 
20 

1 

m^^nm^m 

1 

'*^   fc*  1 

1 

p^_.__. 

' 

Black  line  =:  before  treatment  (a.  m.). 

Dotted  line=  after  being  painted  with  tincture  of  iodin  (p.  m.). 
Text-Fig.  5.     Effect  of  iodin  on  antitrypsin  of  guinea  pig. 

amount  of  digestion  of  casein  in  the  presence  of  varying  amounts 
of  the  guinea  pig  serum  drawn  in  the  morning  before  treatment, 
and  the  dotted  line  represents  the  digestion  in  the  serum  of  the  same 
guinea  pig  in  the  afternoon.  This  decrease  in  antitryptic  activity 
is  probably  due  to  the  saturation  by  the  iodin  of  the  unsaturated 
carbon  bonds  of  the  fatty  acids,  as  we  have  stated  elsewhere  (i). 
A  sublethal  dose  was  first  injected  into  an  iodized  guinea  pig. 

Amount  of  serum.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

0.54  c.c.  180  gm.  0.003  c.c. 

Immediate  death.     Heart  blood  clotted.     Lungs  slightly  distended.     Gall  bladder 
markedly  distended. 

Next  a  half  sublethal  dose  was  given. 

Amount  of  serum.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

0.27  c.c.  185  gm.  0.0015  c.c. 

The  animal  was  immediately  prostrated,  sick,  with  occasional  convulsions.     Death 
in  thirty  minutes.     Heart  beating.     Blood  fluid.     Lungs  slightly  distended. 
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The  experiments  indicate  that  the  toxicity  of  the  serotoxin  is 
greater  for  animals  in  which  the  antitrypsin  has  been  reduced,  thus 
permitting  the  ferments  normally  present  to  be  more  active.  A 
single  injection  of  a  sublethal  dose,  given  intravenously  or  intraperi- 
toneally,  increases  the  antitrypsin  in  the  guinea  pig;  the  effect  can 
be  demonstrated  within  twentj^-four  hours,  and  persists  for  at  least 
two  weeks.  A  similar  increase  has  been  noted  following  anaphy- 
laxis (Meyer  (7),  Pfeiffer  (8,  9)).  Zinsser  (10)  has  recently 
noted  an  increased  resistance  to  a  minimum  lethal  dose  of  a  strong 
anaphylatoxin  prepared  from  typhoid  bacilli,  following  a  single 
sublethal  dose  given  seven  to  twelve  days  previously. 

If  the  serotoxic  effects  are  due  to  an  intravital  splitting  of  the 
serum  protein,  then  during  the  period  of  increased  antitrypsin  fol- 
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Black  line  ^  original  antitrj-psin  of  guinea  pig  serum  drawn  on  Feb.  24,  1914. 
Dotted  line  =  serum  drawn  on  Feb.  28,  1914. 

Text-Fig.  6.     Increase  of  antitrypsin  following  a  single  injection  of  a  sub- 
lethal dose  of  serotoxin. 


lowing  a  sublethal  dose  there  should  be  an  increased  resistance  to 
the  serotoxin.  The  effect  of  a  sublethal  dose  on  the  guinea  pig  anti- 
trypsin is  shown  in  text-figure  6.  The  black  line  indicates  the 
percentage  of  casein  digestion  as  influenced  by  the  normal  guinea 
pig  serum  drawn  on  February  24,  1914.  A  sublethal  dose  of  sero- 
toxin was   given   intraperitoneally  on  the  same   day.     A   second 
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sample  of  blood  was  drawn  on  February  28,  and  is  shown  in  the 
dotted  line.  As  will  be  seen,  there  is  a  well  marked  increase  in  in- 
hibiting power. 

The  increased  resistance  to  serotoxin  is  shown  in  the  following 
experiment  (February  24). 

Dose  of  serotoxin.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

1.9  c.c.  190  gm.  o.oi  c.c. 

Guinea  pig  sick  and  prostrated.     Complete  recovery. 

The  following  da}'  the  guinea  pig  received  0.006  of  a  cubic  centi- 
meter, per  gram  of  weight,  of  a  serotoxin  preparation  of  which  the 
minimum  lethal  dose  was  0.005  oi  a  cubic  centimeter.  There  were 
no  symptoms.  After  several  days  following  the  original  sublethal 
dose  we  have  secured  animals  that  are  resistant  to  two  minimum 
lethal  doses. 

EXPERIMENTS  WITH   PURIFIED  HORSE  SERUM  ALBUMEN. 

In  order  to  compare  the  results  which  we  had  so  far  obtained 
with  a  pure  protein  intoxication  we  prepared  some  horse  serum 
albumen  in  the  following  manner :  The  globulins  of  the  serum  were 
thrown  out  of  solution  by  half  saturation  with  ammonium  sulphate, 
and  after  filtration,  the  albumens  were  removed  from  the  filtrate  by 
precipitation  with  acetic  acid.  This  precipitate  was  redissolved  in 
water  made  slightly  alkaline  with  sodium  carbonate,  treated  with 
an  equal  amount  of  a  saturated  solution  of  ammonium  sulphate,  fil- 
tered, and  the  filtrate  again  treated  with  acetic  acid.  The  final  pre- 
cipitate was  dialyzed  against  running  water  until  free  of  acid  and 
ammonium  sulphate,  and  was  then  evaporated  to  dryness.  It  was 
made  up  in  a  i  per  cent,  solution  in  normal  saline.  Of  this  solution 
a  dose  of  0.02  of  a  cubic  centimeter  per  gram  of  weight  was  not 
toxic  for  the  guinea  pig.  On  testing  its  antitryptic  property  it  was 
found  that  two  cubic  centimeters  of  such  a  solution  inhibited  86 
per  cent,  of  tryptic  digestion,  and  on  digesting  two  cubic  centimeters 
with  a  strong  trypsin  solution  for  forty-five  minutes,  only  o.i  of  a 
milligram  of  non-coagulable  nitrogen  was  obtained.  If  we  now 
extract  the  solution  by  mixing  with  chloroform  at  37°  C.  for  two 
hours  we  find  the  toxicity  well  marked  in  the  dose  which  was  not 
at  all  toxic  for  the  unextracted  serum. 
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Amount  of 
serum. 

Weight  of 
guinea  pig. 

Dose  per  gm. 
of  weight. 

Result. 

4  C.C. 

2  C.C. 

200  gm. 
ipo  gm. 

0.02  C.C.       Immediate  death.       Heart  blood  clotted.       Lungs 

distended. 
O.OI  c.c.       No  effect. 

After  extraction   for  twenty- four  hours  the  toxicity  had  still 
increased. 


Amount  of 
serum. 

Weight  of 
guinea  pig. 

Dose  per  gm. 
of  weigiit. 

Result. 

2.4  C.C. 

0.9  c.c. 

240  gm. 
180  gm. 

O.OI       C.C. 

O.OOS    c.c. 

Killed  in  2  min.     Heart  blood  clotted. 
No  effect. 

The  last  dose,  which  was  sublethal,  was  now  injected  into  an 
iodized  guinea  pig.  The  method  of  preparing  the  guinea  pig  has 
been  already  described. 

Dose.  Weight  of  guinea  pig.  Dose  per  gm.  of  weight. 

I.I  c.c.  220  gm.  0.005  c.c. 

Immediate  death.    Heart  blood  fluid.     Lungs  distended.     Gall  bladder  distended. 

As  with  the  serotoxin,  there  was  a  lessened  resistance  to  the 
toxic  effect  in  the  iodized  guinea  pig.  When  the  antitryptic  effect  of 
the  extracted  (twenty-four  hour)  horse  serum  solution  was  tested, 
it  was  found  that  it  now  inhibited  only  33  per  cent,  of  casein  diges- 
tion, and  was  itself  digested  by  trypsin  much  more  easily  (0.35  of  a 
milligram  for  2  cubic  centimeters  of  solution).  After  extraction 
for  seventy-two  hours  the  toxicity  had  increased  so  that  a  dose  of 
0.005  of  a  cubic  centimeter  per  gram  of  weight  caused  marked  toxic 
symptoms  but  did  not  kill.  At  this  time  the  serum  albumen  was 
no  longer  antitrj'ptic.  Inasmuch  as  there  are  no  ferments  present 
in  the  serum  albumen  solution,  and  no  trace  of  autolysis  can  be 
obtained  when  such  solutions  are  incubated,  there  is  no  preforma- 
tion of  toxic  split  products,  and  whatever  increase  in  toxicity 
occurs  must  be  due  to  the  increased  availability  of  the  serum  albu- 
men for  attack  by  the  ferments  of  the  injected  animal. 

In  the  serotoxin  we  have  a  somewhat  different  condition  due  to 
the  presence  of  quite  active  proteolytic  ferments.  It  would  there- 
fore seem  reasonable  that  the  ferments  would  attack  the  serum  pro- 
teins as  soon  as  the  antitrypsin  had  been  completely  removed,  and 
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produce  toxic  split  products, — primary  proteoses.  This  condition 
actually  obtains.  If  one  fractionates  a  serotoxin  which  has  been 
under  chloroform  at  37°  C.  for  only  two  hours,  only  faint  traces, 
or  no  evidence  at  all,  of  primary  proteoses  can  be  obtained.  From 
twenty-four  hour  serotoxin  we  have  obtained  toxic  proteoses,  as 
is  shown  in  the  following  experiment. 

Ten  cubic  centimeters  of  normal  guinea  pig  serum  were  mixed 
with  chloroform  and  incubated  for  twenty-four  hours.  The 
chloroform  was  then  removed,  the  native  protein  removed  from  the 
serum  by  the  heat  and  acid  method,  and  the  filtrate  made  faintly 
alkaline  to  throw  out  the  acid  albuminates,  and  again  filtered 
through  kaolin.  The  primary  proteoses  were  then  precipitated  by 
half  saturation  with  ammonium  sulphate.  These  were  removed, 
dialyzed  until  free  from  all  traces  of  ammonium  sulphate,  and  then 
made  up  to  the  original  volumes.  When  injected  intravenously 
in  0.1  per  cent,  salt  solution  the  primary  proteoses  are  toxic  in  a 
dose  of  about  o.oi  cubic  centimeter  per  gram  of  weight.  When 
so  prepared  the  toxicity  is  unaltered  by  boiling. 

DISCUSSION. 

In  the  preliminary  experiments  we  observed  the  marked  similar- 
ity to  anaphylactic  death  which  our  animals  showed  on  the  injection 
of  the  serotoxin,  and  later,  while  working  with  the  rapidly  pre- 
pared chloroform  sera,  the  paradoxical  similarity  to  cytotoxic 
death — immediate  coagulation — was  noted.  In  view  of  the  fact 
that  the  usual  method  of  death  is  intravascular  coagulation,  we 
have  used  the  term  serotoxin  to  designate  the  entire  toxic  effect 
of  the  extracted  sera,  although  we  wish  to  emphasize  the  impor- 
tance of  the  protein  cleavage  phenomena. 

The  toxicity  of  organ  extracts  first  noted  by  Brieger  and  Uhlen- 
huth  (11),  was  shown  by  Blaizot  (12),  Gley  (13),  and  by  Dold  and 
Ogata  (14)  to  depend  on  the  intravascular  coagulation,  and  could 
be  rendered  completely  inert  by  the  treatment  of  animals  with  hiru- 
din. Ichikawa  (15)  has  recently  shown  that  sodium  citrate  will 
also  render  a  toxic  dose  non-toxic.  Serotoxin  differs  fundamen- 
tally from  the  cytotoxin  in  that  the  toxic  eflfects  persist  when  coag- 
ulation is  prevented  by  hirudin  or  citrate.     The  toxicity  is  due  to 
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factors  quite  apart  from  the  altered  coagulation  balance,  although 
we  believe  that  it  will  be  found  that  the  unsaturated  lipoids  play 
an  important  part  in  the  mechanism  of  coagulation  and  its  pre- 
vention. 

From  our  experiments  we  believe  that  we  are  justified  in  cpnclud- 
ing  that  the  exposed  homologous  serum  proteins  are  capable  of 
being  split  when  injected  into  an  animal,  and  produce  the  observed 
toxic  effect.  In  many  of  our  experiments  the  exact  picture  of  acute 
anaphylactic  death  was  observed;  in  sublethal  doses  a  marked  fall 
in  temperature  and  extreme  prostration  were  noted,  the  latter  being 
most  marked  in  sublethal  doses  of  sera  which  had  been  permitted 
to  autolyze.  The  toxicity  of  serum  protein  is  well  illustrated  in  the 
experiment  with  purified  horse  serum  albumen  which  was  not  toxic 
in  doses  of  0.02  of  a  cubic  centimeter  of  a  i  per  cent,  solution  per 
gram  of  weight,  but  when  extracted  with  chloroform  it  gradually 
became  more  and  more  toxic  until  a  final  dose  of  0.005  of  a  cubic 
centimeter  per  gram  of  weight  (or  0.00005  of  ^  gram  of  serum 
albumen  per  gram  of  weight)  was  sufficient  to  cause  marked  toxic 
effects.  The  length  of  time  required  to  extract  the  lipoids  from 
this  solution  indicates  how  intimate  the  relation  of  the  lipoid  to  the 
serum  albumen  complex  must  be. 

That  the  exposed  serum  proteins  are  the  substances  which  pro- 
duce in  vivo  the  toxic  effects  when  split,  is  shown  by  the  fact  that 
in  the  rapidly  prepared  serotoxin  no  increase  in  non-coagulable 
nitrogen  is  demonstrable,  and  that  no  toxic  split  products  (primary 
proteoses)  can  be  isolated  by  fractioning  the  serum  proteins  at  this 
time.  The  antiferments  having  once  been  extracted,  there  is  of 
course  no  further  impediment  to  ferment  action,  such  sera  become 
actively  proteolytic,  as  was  first  shown  by  Delezenne  and  Pozerski 
(16),  and  undergo  autolysis  as  shown  by  the  marked  increase  in 
the  non-coagulable  nitrogen.  Under  these  conditions  we  have 
always  been  able  to  isolate  preformed  toxic  split  products.  The 
effect  of  the  soaps,  too,  in  not  completely  neutralizing  the  serotoxin 
at  this  period  is  confirmatory  evidence,  since  the  soaps  act  by  pre- 
venting the  splitting  of  native  proteins  (true  antitryptic  effect, 
rather  than  anti-ereptic).  With  continual  autolysis  we  should  ex- 
pect lessened  toxicity,  and  this  is  found  to  be  the  case.     That  the 
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normal  inhibitory  mechanism  of  the  serum  markedly  influences  the 
intravital  splitting,  as  it  does  in  the  test-tube,  is  shown  by  the  great 
increase  of  toxicity  of  the  serotoxin  for  animals  with  lessened  anti- 
ferments  and  by  the  greater  resistance  of  animals  with  increased 
antifer;nents.  We  believe  that  the  effect  of  the  iodin  is  due  to  a 
saturation  of  the  unsaturated  bonds  of  the  fatty  acids  of  the 
lipoids,  rendering  the  substituted  product  less  active  as  an  anti- 
tryptic  agent.  The  effect  of  a  single  sublethal  dose  of  serotoxin 
in  increasing  the  anti  ferment  can  possibly  be  explained  by  a  lowered 
oxidation  of  the  organism  due  to  the  toxin,  with  a  resulting  lower- 
ing of  the  physiological  oxidation  of  these  unsaturated  compounds, 
or  it  may  be  due  to  a  breaking  up  by  the  toxic  action,  of  pro- 
tein-lipoid  combinations  with  a  resulting  increase  in  the  lipoidal 
elements  in  the  blood.  From  our  studies  we  are  even  more 
firmly  convinced  of  the  biological  importance  of  the  protein- 
lipoid  combination  in  the  organism,  and  the  correlated  neces- 
sity of  according  to  lipolytic  action  greater  emphasis  in  the  part 
of  the  adjunct  which  breaks  up  these  combinations  before  actual 
proteolytic  changes  can  take  place.  The  small  amount  of  purified 
horse  serum  albumen  (after  complete  chloroform  extraction)  re- 
quired to  kill  a  non-sensitized  animal  is  significant  from  this  point 
of  view. 

A  large  number  of  investigators,  notably  Vaughan  (17),  Fried- 
berger  (18),  and  Pfeiffer  (9),  have,  during  the  past  few  years,  em- 
phasized the  importance  of  the  split  products  of  proteins  in  the  pro- 
duction of  the  toxic  effects  in  the  various  infections,  but  the  basic 
idea  has  always  been  held  that  the  substrate  which  was  acted  upon 
was  the  foreign  protein  concerned,  and  that  the  homologous  proteins 
might  be  neglected,  although  the  work  of  Keysser  and  Wassermann 
(19),  Doerr  (2o),Bordet  (2i),andRitzandSachs  (22)  indicate  that 
adsorption  phenomena  and  colloidal  changes  might  render  homol- 
ogous sera  toxic.  The  idea,  however,  that  the  adsorbed  substances 
were  the  anti  ferments,  or  protective  agents,  has  not  been  expressed, 
and  no  efforts  have  been  made  to  remove  such  anti  ferments,  pos- 
sibly because  of  the  unfortunate  view  that  the  antiferments  repre- 
sented immune  bodies  or  split  products  of  the  protein  molecule. 

From  a  clinical  point  of  view  we  are  inclined  to  believe  that  the 
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proof  of  the  toxicity  of  exposed  serum  proteins  may  be  of  impor- 
tance. Longcope  (2)  has  recently  shown  that  repeated  injec- 
tions of  heterologous  proteins  can  cause  marked  nephritic  changes. 
The  profound  prostration  shown  by  leukemics  in  the  terminal  stages 
when  the  serum  ferments  are  known  to  increase  greatly,  so  that  such 
sera  may  become  proteolytic,  suggests  the  profound  prostration 
observed  in  experimental  animals  injected  with  sublethal  doses  of 
autolyzed  sera.  Further  experiments  are  now  in  progress  to  de- 
termine the  results  from  chronic  sero-intoxication. 

CONCLUSIONS. 

1.  Sera  fromi  which  the  protective  lipoids  (unsaturated  fatty 
acids)  have  been  removed  are  toxic  for  the  homologous  animal. 

2.  The  toxicity  is  due  to  three  factors:  (a)  an  alteration  in  the 
mechanism  of  coagulation,  with  resulting  intravascular  coagulation ; 
(b)  the  exposure  of  the  native  serum  proteins;  (c)  the  formation 
of  toxic  split  products  (primary  proteoses)  by  autolysis. 

3.  A  definite  maximum  of  toxicity  can  be  determined,  with  a 
final  stage  of  atoxicity  due  to  continued  autolysis. 

4.  Hirudin  and  sodium  citrate  do  not  protect  animals. 

5.  Heating  to  70°  C.  destroys,  or  greatly  lessens,  the  toxicity  of 
the  serotoxin,  although  the  isolated  proteoses  are  toxic  after  boiling. 

6.  The  return  of  the  extracted  lipoids  (saponified)  neutralizes 
the  toxicity. 

7.  Unsaturated  soaps  also  neutralize  the  toxicity. 

8.  Sublethal  doses  produce  extreme  prostration,  marked  fall  in 
body  temperature,  no  eosinophilia,  and  an  increase  of  antitrypsin. 

9.  Sublethal  doses  of  rapidly  prepared  chloroform  sera  cause  a 
decrease  in  coagulation  time;  sublethal  doses  of  autolyzed  sera  cause 
an  increase  in  coagulation  time. 

10.  Previously  injected  animals  are  more  resistant  (increased 
anti  ferments). 

11.  Iodized  animals  are  less  resistant  (decreased  anti  ferments). 
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Further  notes  on  the  genus  Microcotyle. 

By 
G.  A.  MacCallum,  M.  D.,  New  York. 

with  4  flgnres  in  the  text. 


As  Stated  in  a  previous  paper  in  this  journal  (Vol.  34,  1913, 
Syst.,  p.  223),  one  is  impressed  in  studying  the  Microcotylidae  with 
the  lack  of  variety  in  the  arrang-ement  and  form  of  the  internal 
organs  so  that  the  diiferentiation  of  species  is  dependent  largely 
upon  outward  differences.  Of  these  the  number,  form  and  structure 
of  the  caudal  suckers  and  the  peculiar  armature  of  spines  which 
often  occurs  about  the  genital  opening  are  perhaps  the  most  con- 
stant and  characteristic  features,  although  of  course  there  are  many 
other  things  which  must  be  taken  into  consideration  in  deciding  this 
point.  In  the  table  which  follows  and  which  is  a  continuation  of 
that  given  in  the  previous  paper,  it  is  attempted  to  give  these  data 
as  accurately  as  possible,  and  it  is  hoped  that  this  basis  for  classi- 
fication will  be  adopted  by  helminthologists  in  the  case  of  this 
genus  to  avoid  confusion. 

4  new  species  are  added  to  the  genus  as  the  result  of  the  study  of 
the  parasites  of  the  gills  of  marine  fishes  obtained  partly  from  the 
New  York  Aquarium,  partly  in  the  laboratory  of  the  U.  S.  Fish 
Commission  atWoodsHole  and  partly  in  the  fish  markets  of  New 
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York.  In  the  course  of  these  studies  it  has  seemed  pretty  well  ar- 
ranged by  Nature  that  the  parasites  of  the  gills  of  fish  are  placed 
there  according  to  families  —  for  instance  the  Microcotylidae  are 
seldom  or  never  found  on  the  same  fish  as  the  Octocotylidae  or 
Acanthocotylidae.  At  least  it  is  my  experience  that  in  such  a  fa- 
mily of  fish  as  the  Salmonidae  the  parasites  on  the  gills  will  almost 
invariably  be  found  to  be  Octocotylidae  and  so  on. 

Microcotijle  niacroura. 

In  the  previous  paper  mentioned,  a  description  of  this  form 
was  given  which,  owing  to  insufficient  material,  was  uncertain  or 
incomplete  in  places.  Since  that  time  study  of  new  material  has 
made  it  possible  to  confirm  or  complete  some  of  these  observations. 
The  description  of  the  mouth,  its  suckers,  and  of  the  peculiar  posi- 
tion of  the  small  pharynx-like  structure  on  the  dorsal  surface  of  the 
digestive  canal  is  all  correct.  There  is  a  rather  twisted  or  tortuous 
canal  penetrating  the  pharynx  but  it  seems  that  there  is  also  a 
freer  and  unguarded  opening  from  the  mouth  directly  into  the 
digestive  tract. 

The  intestinal  coeca  are  extraordinarily  widely  ramified  through 
the  body,  their  diverticula  opening  on  both  sides  of  the  main  line  of 
the  channel  and  extending  outwardly  quite  to  the  skin.  Among 
these  diverticula  and  in  very  close  contact  with  them  lie  the  other  organs. 
There  is  hardly  any  lining  to  be  made  out  even  with  high  powers. 
The  epithelial  cells  must  be  extremely  thin  and  flat  for  they  can 
nowhere  be  clearly  discerned. 

The  parenchyma  throughout  except  in  the  ventral  part  of  the 
caudal  disc  is  composed  of  large  polygonal  cells  with  relatively 
minute  nuclei.  In  the  caudal  disc  the  parenchyma  is  largely  re- 
placed by  muscle  and  what  cells  are  present  fill  elongated  spaces 
among  these  fibres. 

The  genitalia  are  precisely  as  described  before  but  with  the 
new  material  it  was  possible  to  trace  in  serial  sections  the  con- 
tinuity of  the  vitelline  ducts  with  the  two  vaginal  tubes  which  join 
as  they  approach  the  vaginal  orifice  and  pass  through  a  thick 
muscular  mass  to  open  on  the  dorsal  surface. 

In  two  reconstructions  of  the  genitalia  from  these  new  serial 
sections  the  duct  figured  at  K  in  fig.  D  and  designated  as  possi- 
bly the  Canalis  genito-intestinalis  could  be  traced  out  precisely  as 
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it  is  shown  there  and  could  be  shown  to  end  blindly  in  the  paren- 
chyma and  not  in  the  intestine.  It  seems  to  contain  spermatozoa 
and  must  therefore  be  put  down  definitely  at  the  Receptaciilum 
seminis.  Otherwise  the  female  genitalia  proved  to  have  been  correctly 
described  and  sketched  in  that  paper. 

The  only  other  point  of  interest  is  that  the  W-shaped  arrange- 
ment of  chitionus  rods  about  the  cirrus  opening  is  found  to  be  a 
kind  of  chitinous  skeleton  for  tlie  muscular  cirrus  itself  The  stouter 
anterior  parts  of  these  rods  pierce  the  muscular  sac  obliquely  and 
come  into  immediate  connection  with  the  inner  protrusible  tube. 
Outside  they  lun  quite  far  back  and  disappear  near  the  Vas  deferens. 
They  are  not  so  clearly  outlined  as  it  seemed  from  the  previous 
material  but  give  off  twigs  and  branches  as  various  places. 

Microcotyle  j^ogotriae  n.  sj>. 

The  worm  occurs  on  the  gills  of  the  common  sea  drum,  Pogonias 
cromis,  sometimes  in  such  great  numbers  as  to  menace  the  life  of 
the  host. 

The  body  is  elongated  with  a  large  sucker  disc  which  consti- 
tutes about  one-third  of  the  total  length  and  which  at  its  upper 
end  is  sharply  marked  off  by  indentations  which  give  it  almost  the 
form  of  an  arrow  head.  There  are  about  one  hundred  and  eight 
suckers  which  reach  their  greatest  size  at  about  the  middle  of  the 
disc  starting  above  witli  two  small  ones  and  again  decreasing  in 
size  toward  the  caudal  termination  (Fig.  A  a). ') 

The  chitinous  skeleton  is  quite  delicate  and  has  the  arrange- 
ment shown  in  Fig.  Ae.  The  suckers  at  the  mouth  are  large  and 
armed  at  their  margins  by  a  row  of  minute  spicules.  Their  cavity 
is  crossed  by  a  partition  separating  it  into  two  loculi  the  inner 
and  larger  of  which  is  deeply  indented  at  its  median  border  (Fig.  Ac). 
Immediately  posterior  to  these  in  the  mid  line  is  the  peculiarly 
shaped  pharynx  which  has  a  narrow  anterior  part  and  a  more 
bulbous  portion  (Fig.  Ad).  A  short  way  behind  this  the  eso- 
phagus divides  into  the  two  lateral  coeca  which  run  far  back  into 
the  caudal  disc. 

Directly  behind  the  bifurcation  of  the  intestine  lies  the  genital 
pore  which  is  unarmed  and  small  in  proportion  to  the  size  of  the 
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Fig.  A.    a  Microcotyle  pogoniae  n.  sp.    b  Detail  of  geuita!  organs,    c  Moutli 
sucker,    d  Pharyux.    e  Chitinous  skeleton  of  a  cauiial  sucker. 
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worm.  It  lies  about  0,4  mm  beliind  the  oral  suckers.  Behind  it  at 
a  distance  of  about  0,65  mm  on  the  dorsal  surface  is  the  sac-like 
orifice  of  tlie  vagina  which  is  also  unarmed.  From  this  there  runs 
backward  a  tortuous  tube,  which  after  forming  an  enlargement 
opens  into  two  lateral  vaginal  canals  which  eventually  become  the 
lateral  vitelline  ducts.  Posteriorly  these  begin  to  be  filled  with 
yolk  material  and  enlarge  until  they  reach  the  point  at  which 
they  unite. 

The  ovary  (Figs.  Aa  and  b)  is  much  longer  and  narrower  and  more 
convoluted  than  in  most  of  the  other  species  studied.  It  form  first 
an  irregular  square  across  the  middle  of  the  worm  and  crossing  to 
the  left  side  coils  irregularly  backward  toward  the  left  where  the  eggs 
are  most  fully  developed  and  the  oviduct  takes  its  origin.  This 
duct  proceeds  backward  to  receive  the  common  vitelline  duct  but 
gives  oif  on  the  way  a  canal  which  runs  to  the  left.  The  ter- 
mination of  this  canal  could  not  be  made  out  and  it  is  not 
shown  in  the  drawing  but  it  doubtless  represents  the  seminal 
reservoir.  Having  received  the  vitelline  duct  the  oviduct  passes 
through  the  radiate  shell  gland  into  the  bulbous  uterus  which 
then  runs  straigfht  forward  to  the  genital  opening.  The  vitellaria 
are  voluminous  and  extend  from  opposite  the  vaginal  opening  to 
the  sucker  disc,  occupying  both  sides  of  the  body.  The  testes,  about 
75  in  number,  extend  nearly  to  the  sucker  disc,  occupying  the  whole 
of  the  middle  of  the  body  from  the  termination  of  the  uterus  back- 
ward. The  Vas  deferens  is  large  and  tortuous  and  is  usually  filled 
with  spermatozoa.  It  passes  forward  to.  open  at  the  genital  pore 
without  the  formation  of  any  definite  cirrus. 

The  eggs  are  yellow  and  fusiform  with  one  rather  rounded  end. 
This  is  the  posterior  end  and  is  not  provided  with  a  chitinous  fila- 
ment while  the  anterior  end  is  pointed  and  extended  into  a  very 
long  tangled  filament. 

Measurements  are  as  follows: 

Length  of  worm:  12  to  13  mm. 

Width :  1,25  mm. 

Length  and  form  of  caudal  disc:  4,5  mm  triangular. 

Average:  108  suckers. 

Diam.  of  suckers :  0,2  X  0,15. 

Testes:  75  in  number. 

Size:  0,10  to  0,15. 
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(Measurements  continued) 

Ova:  0,12  X  0,5  to  0,15  X  0,06. 
Diani.  across  head:  0,45. 
Cloacal  aperture:  0,04  X  0,10. 
Diam.  of  vaginal  opening:  0,04  X  0,01. 


Mlcrocotyle  caram/is  n.  sp. 

There  were  found  on  the  gills  of  a  yellow  crevalle,  Caranx 
crysos  (Mitchill),  5  examples  of  a  Microcofyle  which  diflers  very 
markedly  from  other  species. 

The  worm  is  small,  measuring  only  4,4  mm  by  0,8.  The  ante- 
rior end  is  expanded  laterally  and  provided  with  a  sucker  at  each 
angle  of  this  expansion.  The  mouth  opens  directly  into  the  com- 
paratively small  pharynx  from  which  the  short  esophagus  runs 
backward  to  divide  into  the  lateral  intestinal  coeca  which  run  dor- 
sally  toward  the  posterior  extremity.  A  short  distance  behind  the  bifur- 
cation is  the  cirrus  sac  which  is  pear  shaped  with  a  carious  arrangement 
of  spicules  as  shown  in  Fig.  Ba  and  Fig.  Bf.  Two  small  clumps  of 
booklets  are  separate  from  the  main  group  which  lie  in  front  of  the 
muscular  bulb  of  the  cirrus.  The  Vas  deferens  can  be  plainly  seen 
entering  the  posterior  end  of  this  bulb. 

Behind  this  lies  the  female  genital  orifice  which  is  also 
armed  with  spicules.  The  posterior  end  of  the  body  forms  the 
sucker  disc  which  is  hastate  in  form,  one  side  being  continued  for- 
ward so  as  to  make  it  asymmetrical.  At  the  point  there  are  on 
each  side  eleven  small  suckers  with  a  chitinous  skeleton  formed  as 
show  in  Fig.  Bd.  At  the  extreme  tip  there  are  two  strong  hooks 
and  between  them,  apparently  to  stiffen  them,  are  two  straight 
spines  which  extend  almost  as  far  posteriori}'  as  the  hooks,  the 
whole  being  enclosed  in  a  membrane  (Fig.  Be).  On  the  right  side 
of  the  body  occupying  the  asymmetrical  forward  extension  of  the 
caudal  disc  there  is  a  row  of  twent3'-six  much  larger  suckers  which 
diminish  in  size  as  they  near  the  body.  These  are  of  a  quite  different 
structure  from  any  observed  in  other  forms  of  Mkrocotyle  as  shown 
in  Fig.  Be.  The  chitinous  skeleton  is  so  asymmetrical  in  form  as 
to  give  the  sucker  almost  the  appearance  of  some  gamopetalous 
flower. 

The  ovary  lies  across  the  middle  of  the  body  as  an  irregular 
U-shaped   structure  placed  with   the   convex  side  toward  the  head 
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(Fig.  Bb).    The  oviduct  arises  at  its  left  end  and  passes  backward 
toward  the  extremity   of  the   uterus.     On   its  waj'  it  is  fii-st  joined 


Fig.  B.     a  Microcotyle  carangis  n.  sp.    b  Detail  of  internal  genital  organs. 
c  and  d   Chitinous  skeleton  of  a  caudal  sucker.      e  Caudal  spines.      f  Cirrus  sac. 


by  the  canal  from  a  seminal  reservoir  which  lies  close  to  the  end 
of  the  ovary  and  between  it  and  the  first  row  of  testes.  It  next 
received  the  duct  from  the   vitelline  glands  and  then  passes  into 
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the  ootyp  which  is  surrounded  by  the  shell  gland.  From  this  point 
the  tube  passes  forward  along  the  riglit  inner  margin  of  the  vitel- 
laria  to  the  genital  pore.  The  vitelline  ducts,  which  unite  as  usual 
to  enter  the  oviduct  by  the  common  tube  described,  again  unite 
anteriority  to  form  the  vagina  which  opens  dorsally  a  short  distance 
behind  the  genital  pore.  The  vitellarium  is  very  voluminous  occupying 
the  major  part  of  the  body  on  both  sides.  The  eggs  are  yellow  and 
fusiform  with  a  chitinous  filament  at  each  end,  the  anterior  being 
much  larger  than  the  posterior  and  very  delicate  and  tangled  near 
its  end. 

There  are  60  testicles  situated  near  the  caudal  end  of  the  body 
from  which  the  large  tortuous  Vas  deferens  runs  forward  to  the 
muscular  cirrus  already  described.  The  water  vascular  sj'stem  is 
very  distinct  being  composed  of  large  ducts  which  proceed  to  the 
end  of  the  disc  receiving  branches  on  their  way  from  the  surrounding 
tissues. 

Measurements : 

Length :  4,4  mm. 

^Vidth :  0,8  mm. 

Ova:  0,11  X0,03  mm. 

Length  and  width  of  disc:  0.9  X  O-o  at  base. 

Suckers :  48  in  number  —  larger  ones  0,05  X  0,07 ;  smaller 
0,04  X  0,03. 

Width  of  head:  0,47  mm. 

Testes:  60  in  number  0,07  mm. 

Hooks  at  tip  of  disc:   0,U29  mm  long  X  0,002  mm  wide. 

Spines  at  tip:  0,15  X  0,01  mm. 

Oral  suckers:  0,04  mm. 

Hooklets  around  g.  p.:  0,05  mm  long. 
Habitat:  Gills  of  yellow  Crevalle  {Caranx  crysos). 
Location:  Woods  Hole,  Mass.  U.  S.  A. 

Microcoti/le  angeUchtliys  ii.  sp. 

A  worm  closely  related  to  others  to  be  described  but  differing 
in  one  or  two  important  particulars  is  found  on  the  gills  of  the 
Angel  fish,  Holacanthus  ciliaris,  in  numbers  varying  from  a  few  to 
many  thousands  or  enough  to  cause  the  death  of  its  host. 

It  is  small  measuring  4,3  X  0,3  mm  with  a  caudal  sucker  disc 
about  1  mm  long  armed  with  forty  to  sixty  suckers  (Fig.  0  a).    The 
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terminal  mouth  is  flanked  by  suckers  which  have  a  central  partition. 

The  pharj'nx  is  large  but  rather  delicate  in  structure  opening  into 

a  short  esophagus  which  divides  in  front  of  the  genital  pore.     The 

genital    pore    itself   is    situated 

very  near  the  anterior   end  of  -^"^.--ms 

the    bod,v.      It     opens    into    a 

rounded  sac  thickly  armed  with 

spicules    especiall}'    closely    set 

round  the   aperture.     There  are 

two   smaller  gi'oups   of  spicules 

placed  laterally  behind   and  the 

sac  is   suri'ounded  by   radiating 

muscle    fibers    (Fig.    Cb).      The 

uterus   and   Vas   deferens   open 

into  this  sac,  the  latter  through 

a  delicate  bulbous  structure  wliich 

appears  to  extend  forward  beyond  sg 

the   end    of    the    uterus.     The 

vaginal   orifice  lies  behind   and 

in  tiie  mid-dorsal  line.  °^ 

One    important    respect    in  ^ 

which   this    worm    differs    from      fe^-^=^«»^l 

the  other  ilicrocotylidae.   is  the      1^*^0*4* 


^^am- 


fact  that  M'hile'in  almost  all  of 
the  others  tiie  ovary  is  placed 
across  the  middle  of  tlie  body 
in  the  form  of  a  long  convoluted 


a  Microcotyle  ange- 
lichthys  n.  sp. 

b  Genital  pore. 

e  Chilinous  skeleton 
of  a  caudal  sucker. 


tube,  in  this  case   it  is  a  more 

or  less  globular  mass  like   that 

of  the   distomes  placed  on   the 

right  side  just   anterior  to   the 

testes.    On  the  right  side  above 

this   may   be   plainly   seen   the 

seminal   reservoir   and   also   its 

duct  joining  the   oviduct.     The  ^^;,^i- 

sheU    gland    is    in    the    usual  a 

position  behind  or  beside  the  tail 

of  the  Y-shaped  vitelline  reservoir.    The  oviduct  is  apparently  given 

off  the  ovary  toward  the  middle  of  the  worm  and  receives  the  duct 

from  the  spennatheca  and  vitelline  reservoir  before  entering  the 


Fig.  c. 
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beginning  of  the  uterus.  The  uterus,  surrounded  here  by  a  mantle 
of  shell  gland  cells,  makes  its  waj'  upward  toward  the  genital  pore 
along  the  inside  of  the  right  vitellarium.  The  vitellaria  are  very 
plentiful  and  extend  from  nearly  opposite  the  orifice  of  the  vagina 
down  each  side  caudad  to  almost  the  sucker  disc. 

The  testes  are  relatively  large  but  few  in  number,  there  being 
onlj^  about  18  or  20.  The  Vas  deferens  passes  anteriorly  on  the 
left  side.  No  eggs  are  seen  in  any  of  the  specimens  mounted  so 
that  at  this  writing  no  measurements  of  them  can  be  given. 

The  suckers  have  the  usual  chitinous  reinforcement,  a  drawing 
of  which  is  given  in  Fig.  C  c. 

The  rest  of  the  measurements  etc.  are  given  at  the  end  of  this 
description. 

Measurements : 

Length:  4,4  mm.     Width:  0.3  mm. 

Width  of  head :  0,12  mm. 

Size  of  oral  suckers:  0,5  mm. 

Sucker  disc:  1  mm  long,  0,4  mm  wide. 

V.  0.:  Armed   situated  short   distance  posterior  to  g.  p. 

and  dorsal. 
Number  of  suckers :  59  —  0,03  X  0,02. 
Number  of  Testes:  20  —  0.06. 
Habitat:     Gills  of  Holacanthus  angeliditJnjs. 
Locality:    Aquarium,  New  York. 

3Iicrocotyle  archosorgi  n.  sp. 

This  form  is  to  be  found  on  the  gills  of  the  marine  Sheep's 
head,  Archosargits  prohatocephalus,  and  is  so  delicate  as  to  be  almost 
invisible  when  alive  and  in  situ.  It  measures  8  by  0,8  mm  and  is 
much  elongated,  becoming  very  slender  just  in  front  of  the  asymme- 
trical spreading  caudal  disc  (Fig.  Da). 

The  mouth  is  terminal  and  supplied  with  the  usual  lateral 
suckers  which  are  provided  with  a  marginal  membrane  and  sub- 
divided by  a  distinct  partition.  The  delicate  pharynx  passes  into  a 
short  esophagus  which  gives  rise  as  usual  to  two  intestinal  rami. 

The  common  genital  pore  is  surrounded  bj'  spicules  which  are 
arranged  as  sliown  in  the  figure  (Fig.  Dc).  Almost  immediately 
behind  this  on  the  dorsal  surface  lies  the  opening  of  the  vagina, 
also  surrounded  by  an  armature  of  spicules. 
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Fig.  D. 

a  Microcotyle  archosargi  n.  sp.    b  Detail  of  internal  genital  organs. 
c  Armature  of  genital  pore,    d  Chitinous  skeleton  of  a  caudal  sucker. 
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The  ovary  (Fig.  D  b),  in  the  form  of  a  long  bent  tube  lies  across 
the  body  at  about  its  middle,  giving  off  the  oviduct  at  its  left  end. 
This  passes  backward  receiving  the  duct  from  the  clubshaped  seminal 
reservoir  and  then  tlie  conjoined  canal  from  the  vitelline  glands 
until  it  reaches  the  shell  gland  which  in  this  case  extends  dorsally 
before  the  uterus  changes  its  course  toward  the  genital  pore. 

The  eggs,  of  which  3  were  to  be  seen  in  one  specimen  are  rela- 
tively large,  have  a  very  long  tangled  filament  at  each  end,  in  which 
respect  they  differ  from  those  of  some  closely  related  forms. 

The  testes  are  large  and  number  from  20  to  35.  The  Vas  de- 
ferens is  tortuous  and  ends  in  the  cloaca  without  any  evident  mus- 
cular cirrus.  The  caudal  disc  bears  about  one  hundred  and  six 
suckers  in  a  simple  row  along  its  margin.  These  are  all  alike  and 
there  are  no  booklets  or  spines.  Their  chitinous  skeleton  is  not 
especially  characteristic  and  is  shown  in  Fig.  Dd. 
Measurements: 

Length :  8  ><  0,8  mm. 

Sucker  disc:  1,5  mm  lang. 

Suckers:  106. 

Width  of  head:  0,21  mm. 

Diam.  of  disc  suckers:  0,08X0,04  mm. 

Diam.  of  oral  suckers:  0,1X0,07  mm. 

Ova:  0,17;;  0,07  mm. 

Testes:  25  to  35  —  0,09X0.07  mm. 

Genital  pore,  armed :  0,1  X  0,08. 

Vaginal  opening:  0,03. 
Locality:  New  York  Fish  Market.. 
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Name 

M.  pogoniae 

M.  carangis 

M.  archosargi 

M.  angelichthys 

Author 

G.A.  MacCallum 

G.A.  MACCALLnM 

G-.A.  MacCallum 

G..A.  MacCallum 

Leiia;tli 

12  to  13  mm 

4,4  mm 

S,0  mm 

4,4  mm 

Breadth 

1.25  mm 

0,8  mm 

0,8  mm 

0,3  mm 

Diani.  mouth 

Sucker 

0,2X0.13  mm 

0.04  mm 

04X0,07  ram 
bilocular 

0,05  mm 
bilocular 

1 

Length  and 
Form 

4,6X2-0  uim 
Triangular 

0,9  X  0,6 
Hastate 

1,5  ram  long 
Triangular 

1,0X0,4  mm 
wide 

Number  of 

Suckers 

108 

48 

106 

58 

Diameter  of 

Suckers 

0,2X0,15  mm 

0,05  X  0,07  mm 
0,04X0,03  mm 

0,08X0,04  ram 

0,03X0,02  mm 

Testes 

75  mm 
0.1X0,15  ram 

60  mm 
0,07  mm 

25  to  30  mra 
0,09X0,07  mm 

26  mm 

0,06  mm 

Vaginal  Aper- 
ture 

Median  dorsal 

0,04X0,01 

No  armature 

Median  dorsal 
no  armature 

0,03 
Median  dorsal 

Median  dorsal 
no  armature 

Cloacal  Aper- 
ture 

0,04  X  0,1 
No  armature 

Separate  orifices 
Armed-spicules 
Cirrus  anterior 

0.1X0,08 
Cojiical  spines 
and  booklets 

Round  sac  with 
spicules,  two  se- 
parate smaller 
groups  of  spicules 

Eggs 

Yellow  Fusiform 

0,12X0,05 

to  0,15X0,06 

0,11X0,03 

Yellow  Fusiform 

Filaments  both 

ends 

0,17X0,07 
Fusiform  and 
with  filaments 

None  seen 

Host 

Pogonias  cromis 

Caranx  crysos 

Archosargiis 
proba  tocephalus 

Holacanthus 
angelichthys 

402 


G.  A.  MacCalldm,  Further  notes  on  the  genus  Microcotyle. 


Explanation  of  Abbreviations. 


M  mouth 

M.  S  mouth  sucker 

Ph  pharynx 

Oes  esophagus 

i  intestine 

G.  P  genital  pore 

M.  G.  P  male   genital  pore 

F.  G.  P  female  genital  pore 

Ov  ovarium 

Ov.  d  oviduct 

Vit.  r  vitelline  reservoir 

Vit.  d  vitelline  duct 


Got  ootype 

5.  G  shell  gland 

Vt  uterus 

Ova  egg 

Vit  vitellaria 

t  testes 

C.  d  caudal  disc 

S.  C  caudal  disc  sucker 

V.  d  Vas  deferens 

Va  vagina 

V.  0  vaginal  opening 

S.  r  seminal  reservoir 
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Nachdruek  verboien. 

Notes  on  four  Trematode  Parasites  of  Marine  Fishes. 

[From  the  Laboratories  of  the  United  States  Fish  Commission,  Woods 
Hole  and  the  Department  of  Pathology,  Columbia  University,  New  York.] 

By  G.  A.  Mae  CaUum.  il.D.,  New  York. 
With  11  Figures. 

lu  examining  the  various  fishes  which  may  be  puixhased  in  the 
New  York  fish  markets  or  others  which  I  have  obtained  through  the 
kindness  of  the  directors  of  the  New  York  Aquarium  or  at  the  U.  S. 
Fish  Commission  at  Woods  Hole,  the  following  forms  were  found. 

Acauthocotyle  Botlii,   n.   sp. 

The  following  sketch  is  of  a  worm  found  so  constantly  on  the 
gills  of  Bo  thus  maculatus  that  they  may  be  said  to  be  its  natural 
habitat.  Almost  every  fish  will  yield,  on  washing  the  gills,  from  two  to 
twenty  worms  and  an  account  of  their  diminutive  size  and  the  tenacity 
with  which  they  cling  to  their  attachment,  no  doubt  only  a  small  propor- 
tion of  their  actual  number  is  ever  washed  off.  It  evidently  belongs  to  the 
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genus  Acanthocotyle  of  which  Monticelli,  Goto  and  others  have 
written. 

Monti  cellii)  in  his  elaborate  paper  on  the  genus  Acantho- 
cotyle describes  three  species,  A.  lobiancoi,  A.  oligoterus  and 
A.  elegans.  Of  these  A.  lobiancoi  measures  3 — 6  mm  in  length 
and  is  provided  anteriorly  with  two  suckers  and  two  small  anterior  palpi. 
Its  circular  disc  is  covered  with  radial  lines  of  small  booklets  and  thece 
is  posteriorly  a  small  round  appendage.  The  mouth  is  a  rather  pear 
shaped  subterminal  structure.  A.  oligoterus  is  smaller,  V-/^ — 2^/2 mm 
in  length  with  a  caudal  disc  armed  with  triangular  booklets  and  a 
posterior  appendage  with  radial  chitinous  rods.  A.  elegans  possesses 
a  fringed  caudal  disc,  again  with  radially  arranged  chitinous  rods  or 
booklets. 

G  oto's'-j  species  described  from  the  examination  of  a  single  mounted 
specimen  given  to  him  by  Professor  V  err  ill  who  found  it  on  the  skin 
of  Raja  erinacea  is  named  A.  VerriUi.  It  has  no  anterior  sucker 
but  merely  invaginations  of  the  skin  into  which  unicellular  glands  open. 
The  posterior  disc  is  covered  by  thirty-four  radial  lines  of  spines  or  hooka 
and  there  is  a  posterior  appendage  armed  with  filiform  chitinous  hooks. 

From  these  descriptions  I  am  forced  to  think  that  this  form  which 
I  have  named  A.  Bothi  does  not  correspond  with  any  of  them  although 
belonging  to  the  same  genus.  A.  Bothi  (Fig.  1)  is  small,  about  3  mm 
in  length  by  0.4  mm  in  width  and  of  nearly  equal  width  throughout  its 
length.  Its  most  notable  feature  is  at  once  the  large  disc  at  its  caudal 
end  which  is  circular,  with  a  diameter  of  0.27  mm.  It  is  composed  of 
fifty-two  pairs  of  hooks  or  ,radii  icovered  with  a  musculo-membranous  tissue 
and  this  is  the  main  source  of  the  worms  firm  attachment  to  any  sourface 
to  which  it  may  adhere.  The  radii  (Fig.  2)  are  really  booklets  of  chitinous 
material  in  pairs,  of  about  equal  length  throughout"  the  circle  except  that 
at  the  extreme  distal  median  part  of  the  disc" there  are  two  longer  hooks 
which  do  not  extend  past  the  outer  margin  of  the  disc  but  are  rooted 
at  least  one-half  of  the  distance  across  the  free  central  cordate  shaped 
space.  They  are  conjoined  at  the  inner  margin  of  the  circle  of  booklets 
by  a  block  of  the  same  chitinous  material  which  tends  to  increase  their 
strength.  This  is  the  position  of  what  Goto  describes  in  his  worm 
A.  Verrilli  as  the  round  appendage  and  which  he  calls  "app.  post." 
and  in  which  he  says  he  counted  more  than  twenty  small  hook's.  In 
A.  Bothi  there  are  only  the  two  j-einforced  long  hooks  in  this  situation. 
On  the  proximal  side  of  the  disc  are  two  long  hooks  also  with  a  square 
block  of  chitinous  tissue  between  them.  Then  on  each  side  of  the  cir-  .1 
cumference  of  the  disc  and  between  these  two  pairs  of  longer  hooks  . 
there  are  twenty-five  pairs  of  hooks  such  as  shown  in  Fig.  1.  In  : 
A.  Verrilli,  Goto  describes  seventeen  on  each  side  or  half  of  the  disc  ! 

The  head  also  is  very  different  inasmuch  as  there  are  plainlv  visible : 
four  small  suckers  on  each  side  of  the  central  notch  and  apparently 
much  of  the  same  character  as  those  of  Nitschia  elegans  in  minia- 
ture. The  mouth  is  comparatively  lai-ge  being  .22X.3  in  diameter.  The 
anterior  suckers  are  foui-  on  each  side,  the  two  outer  ones  measuring 
.0.5,  being  larger  than  the  middle  ones,  while  the  inner  ones  measure 
.04  mm.    The  worm,  in  making  use  of  these  suckers,  is  able  to  progress 

1)  II  genere  Acanthocotyle.     (Arch,  cle  P.irasit.  I.  2.)  I 

■,f,on  ^^  Exotic  cctoparasitic  Trematodes.     (Joiirn.  Sc.  Coll.  Imp.  Univ.  Tokio.  Yo\.  \>.   I 
1899.  p.  4.)  ] 
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Fig.  1.  Acanthocotyle  Bothi  show- 
ing internal  structure. 

Fig.  2.  Acanthocotyle  Bothi  show- 
ing one  of  the  radiate  chitinous  structures 
of  the  caudal  disc. 

Fig.  3.  Acanthocotyle  Bothi  show- 
ing five  eggs.        " 

Fig.  4.    Distomum  trachinoti. 

Explanation  of  Abbreviations 
in  Figures.  m.  Mouth.  m.s.  Mouth 
sucker,  ph.  Pharynx,  oes.  Oesophagus, 
i.  Intestine,  g.p.  Genital  pore.  ov.  Ova- 
rium. <jv.d.  Oviduct,  vit.r.  Vitelline  re- 
servoir, vit.d.  Vitelline  duct.  oot.  Ootype. 
s.g.  Shell  gland,  nt.  Uterus,  ova  Eggs. 
vit.  Vitellaria.  t.  Testes,  c.d.  Caudal  disc. 
c.s.  Caudal  disc  sucker,  v.d.  Vas  deferens. 
DO.  Vagina,  v.o.  Vaginal  opening,  s.r.  Se- 
minal Reservoir.    L.o.  Laurer's  Canal. 
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from  one  place  to  another  —  stretching  out  its  neck  and  whole  body  and 
spreading  out  its  anterior  suckers  like  a  fan,  it  attaches  them  and  lets 
loose  with  its  caudal  disc  and  draws  it  into  proximity  to  the  anterior 
end.  In  fact  it  was  seen  to  stand  with  its  anterior  end  attached  to 
the  glass  while  the  posterior  end  waved  about,  although  the  natural 
position  of  the  worm  is  upright  with  posterior  disc  attached  and  the 
anterior  end  waving  to  and  fro  or  feeling  its  way  about  the  bottom  of 
the  vessel  as  trematodes  usually  do. 

The  esophagus  is  short,  and  after  bifurcating  the  intestines,  imme- 
diately disappear  behind  the  vitellaria  to  terminate  near  the  caudal  end. 
The  ovary  is  a  round  body  about  .10  mm  in  diameter  and  is  situated 
neai'  the  junction  of  the  anterior  with  the  posterior  two-thirds  of  the 
body.  There  are  about  thirty-seven  testes  and  the  vas  deferens  proceeds 
forward  along  the  right  side  in  various  convolutions  ending  in  the  com- 
mon atrium  with  the  terminus  of  the  uterus  on  the  right  side  of  tlie 
neck  near   the  head. 

The  vagina  could  not  be  made  out  but  is  presumably  on  the  dorsal 
surface  of  the  worm.  The  vitellaria  are  very  plentiful  and  extend  firom 
the  disc  on  each  side  to  the  neck. 

The  ovary  gives  off  the  oviduct  from  its  anterior  surface  and  is 
shortly  joined  by  the  tube  from  the  spcrmatheca  which  is  situated  just 
behind  the  ovary.  The  oviduct  is  next  joined  by  the  duct  from  tlie  left 
vitellarium  and  terminates  in  the  beginning  of  the  uterus  which  is 
surrounded  by   the  shell  gland. 

I  was  fortunate  enough  while  watching  a  number  of  these  worms 
alive,  to  see  the  process  of  egg  laying.  The  ova  are  triangular  in  shape, 
flattened  and  of  a  brown  or  coffee  color  and  each  has  a  filament  at- 
tached to  one  angle  (Fig.  .3).  They  are  apparently  always  laid  in  batches 
of  five  in  quick  succession  or  streaming  at  it  were,  and  are  attached  to 
the  gills  as  soon  as  laid.  This  was  distinctly  observed  several  times. 
The  eggs  are  about  .04  mm  on  each  side  of  the  triangle  but  quite  flat. 

Measurements. 

Length:  SX^  °i™  '°  width. 

Diam.  of  mouth  suckers:  .04 — .05. 

Diam.  of  circular  sucker  disc:  .27. 

Width  of  hook  margin  around  disc  showing  length  of  hooks:  .04. 

Length  of  long  hooks  on  distal  margin  of  disc:  .1. 

Length  of  long  hooks  on  proximal  margin  of  disc:  .1. 

Testes:  38  in  number. 

Diam.:  .04  to  .06. 

Ova :  .05  X  -O^  triangular. 

Ovary:  .lOX-H- 

Spemiatheca :  .1. 

Head  across:  .1. 

Mouth  across:  .22 X -2. 

Oral  suckers:  .04X-0o. 

Vaginal  aperture  not  seen,  probably  dorsal. 

Cloaca:  on  side  of  neck. 
Host:  Bothus  Maculatus. 
Locality:  Woods  Hoole,  1912,  U.S.  Fish  Commission's  Laboratory. 

Distoimnu  tracliinoti,  n.  sj). 

The  worm  was  found  in  the  intestine  ofTrachinotus  Carolinus 
in  moderate  numbers.  It  is  not  large  being  5.4  mm  long  by  .8  mm  to 
1  mm  w'ide  and  of  almost  uniform  width  throughout,  except  at  the 
caudal  end  posterior  to  the  ventral  sucker  where  it  becomes  very  much 
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naiTOwer  (Fig.  4).  It  is  in  this  portion  of  the  body  tliat  the  testes, 
ovary  and  shell  gland  are  situated  and  liere  too  Laurer's  CauaJ  is' 
found  opening  on  the  dorsal  surface  of  this  terminal  portion. 

When  dead  the  worm  is  found  very  much  curved  towards  ihe  ventral 
surface.  The  skin  is  unarmed  but  is  rather  generally  thrown  into  rugae. 
The  anterior  end  is  bluntly  rounded  and  the  anterior  sucker  is  subterminal 
and  about  one-third  of  the  diameter  of  the  ventral  suckei-.  Behind  the 
anterior  sucker  is  the  pharynx  which  is  large  and  musculax.  The  in- 
testine divides  almost  at  once  and  proceeds  along  each  side  almost  all 
the  way  to  the  caudal  end. 

The  genital  pore  is  but  little  posterior  to  the  bifui'cation  of  the 
intestines  and  opens  on  the  ventral  surface.  The  body  is  more  or  less 
occupied  with  coils  of  the  uterus  filled  with  ova.  The  vitellaria  are 
not  very  plentiful  and  are  apparently  confined  to  the  sides  along  the 
middle  portion  of  the  body.  The  ventral  sucker  is  a  rather  unusual 
structure  beeing  situated  at  the  end  of  a  long  loose  and  wide  semitrans- 
parent  pedicle  which  allows  of  very  free  motion. 

The  ovary  is  small  and  globular,  not  so  large  as  either  of  the  two 
testes,  behind  which,   it  is  situated  near  the  extreme  caudal  end. 

The  uterus  extends  from  near  the  ovary  to  the  genital  pore  in  veay 
voluminous  coils  and  behind  these  or  through  them  the  vas  deferens  is 
hidden  on  its  way  to  the  cirrus  sac  which  is  large.  The  cirrus  is  blunt, 
pointed  and  is  supplied  with  a  well  developed  prostatic  portion  and  is 
situated  in  the  atrium  anterior  to  the  outlet  of  the  uteru.s. 

Dr.  Linton  evidently  has  seen  this  worm  on  one  occasion  in 
Prionotus  Carolinus  and  also  in  Merluccius  bilinear  is.  He 
named  it  D.  vitellosum  but  evidently  on  account  of  its  variation  of 
form  and  structure  from  that  worm  it  must  be  of  a  different  species. 
I,  too,  have  found  it  once  in  Roccus  lineatus,  but  Trachinotus 
Carolinus  seems  to  be  its  natural  or  main  habitat. 

Dimensions. 
Length:  5.40  mm. 
Width:  .1  to  .80. 
Length  of  caudal  end :  .80. 
Diameter  of  anterior  sucker :  .49  X  -45. 
„         „   ventral  sucker:  .76X.75. 
,,         „    pharynx :  .25  X  -20. 
„         „   ovary:  .25X-20. 
„    testes:  .33X-21. 
„   ova:  .09X-03. 
Habitat:  Intestines  of  Trachinotus  Carolinus. 
Locality :  Fish  obtained  off  coast  of  North  Carolina,  U.  S. 

Pddocotyle  moronc,  nov.  gen.  n,  sp. 

This  form  which  seems  to  be  confined  to  the  gills  of  Mor  one  Ame- 
rican a  occurs  in  no  great  numbers  there.  At  least  one  can  wash  very  few 
of  them  off  the  gills  but  tliis  may  be  due  to  their  firm  attachment  by 
means  of  the  six  powerful  suckers. 

The  worm  (Fig.  5)  is  6  mm  in  length  by  .6  in  width  and  is  almost 
of  uniform  width  throughout,  the  head  and  tail  being  rounded  as  bluntly 
as  possible.  At  about  one-quarter  the  length  of  the  body  from  the 
caudal  end  there  are  given  off  six  pedicelled  suckers  which  are  rela- 
tively long  beeing  4  mm  in  length  by  .15  in  width.  Each  pedicle  is 
surmounted  by  a  sucker  which  is  strengthened  by  a  peculiar-  chitinous 
formation  as  shown  in  Fig.  7.    The  sucker  is  a  little  larger  in  diameter 
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Fig.  6. 


Fig.  7. 
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Fig.  5.  Pddocotyle  morone  nov.  gen.  nov.  ep. 

Fig.  6.  Podocotyle  morone  showing  armature  of  genital  pore. 

Fig.  7.  Podocotyle  morone  showing  chitinous  skeleton  of  one  of  the  lateral 

suckers.  ' 

Fig.  8.  Ppdocotyle  morone  showing  chitinous  skeleton  of  caudal  suckers,    j 
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than  the  footstalk  on  which  it  is  placed.  In  life  the  worm  is  very 
active  and  the  suckers  are  constantly  protruding  and  opening  and  then 
retracting  and  closing  alternately.  At  or  near  the  caudal  extremity  are 
two  more  suckers  but  these  are  smaller  and  of  a  different  chitinoue 
structure  as  shown  in  Fig.  8.  The  covering  membrane  of  all  the  suckers 
seems  also  to  be  reinforced  either  by  chitinous  filaments  or  muscular 
.striae  regularly  arranged  across  the  space  between  the  largei-  chitinous 
structui'es. 

At  the  anterior  end  the  mouth  is  terminally  situated  and  on  each 
5ide  is  the  ordinary  oval  sucker.  They  are  not  supplied  with  any  arma- 
ture but  are  provided  with  a  marginal  fold  or  lip  of  mucous  membrane. 
Between  the  suckers  is  seen  the  pharynx  which  seems  to  have  a  short 
prepharynx  in  its  communication  with  tlie  mouth  and  at  the  junction 
of  this  with  the  pharj-nx  are  seen  a  surrounding  series  of  nodules,  six  in 
number.  The  pharynx  then  widens  out  into  a  sac-like  structure  well 
supplied  with  muscular  striae.  Behind  this  the  esophagus  extends  almost 
down  to  the  genital  opening  before  it  divides  into  the  intestinal  rami 
which   disappear   behind   the   plentiful  vitellaria. 

The  genital  pore  is  seen  plainly  in  the  center  of  the  body  (Fig.  5 
and  6)  and  is  armed  not  very  plentifully  with  good  sized  hooklets.  It 
measures  .31X.1S  mm  and  the  hooklets  measure  .0.5  mm.  The  vitel- 
larium  is  exceedingly  plentiful  throughout  almost  the  whole  body,  ex- 
tending from  opposite  the  genital  pore  almost  to  the  caudal  end.  It 
is  so  plentiful  that  it  is  only  with  difficulty,  if  at  all,  that  some  of  the 
important  organs  are  made  out,  masses  are  seen  even  in  the  pedicles 
of  the  suckers.  It  is  impossible  to  see  the  vaginal  opening  and  the  vas 
deferens  \vhich  is  large  can  only  be  seen  at  intervals  between  the 
lobules  of  vitellaria  making  its  way  to  the  genital  pore  and  the  uterus 
can  not  be  made  out  in  the  anterior  part  of  the  worm  at  all.. 

The  ovary  stands  out  prominently  as  a  tubular  structure  doubled  on 
itself  and  placed  across  the  body  at  or  about  its  middle  (Fig,.  9).  The 
mature  ova  are  seen  at  the  left  side  as  is  also  the  oviduct  leading  from 
this  portion  of  the  ovary  caudal  towards  the  plainly  visible  entrance  to 
the  shell  gland.  Shortly  after  leaving  the  ovary  the  duct  from  the 
seminal  reservoir  joins  the  oviduct  and  still  fiu-ther  on  the  duct  of  the 
vitelline  reservoir  is  plainly  seen  to  join  the  common  duct  just  before, 
it  merges  into  the  beginning  of  the  shell  gland,  which  appears  as 
surrounding  a  considerable  portion  of  the  beginning  of  the  uterus.  Al- 
though a  fully  developed  ovum  was  seen  at  the  entrance  of  the  shell 
gland,  no  developed  egg  was  present  so  that  with  the  material  at  hand 
it  cannot  be  described. 

The  testes  are  fifteen  in  number,  of  good  size,  but  they  are  almost 
•completely  covered  in  by  the  vitellaria.    Fig.  9,  diagram  of  genitalia. 

Habitat:  Gills  of  Morone  americana. 

Locality:  New  York  Fish  Markets. 

December  14th  1912. 

Measurements. 
Length:  6X-6  mm. 

Length  of  caudal  and  posterior  suckers:  1.4  mm. 
Length  of  pedicle  of  suckers:  .4  mm. 
Diam.  of  suckers  on  pedicles:  .17  to  .19  mm. 
Diam.  of  caudal  suckers :  .07  X  -05  mm. 
Diam.  of  genital  pore:  .05X-06  mm. 
Size  of  hooklets  at  genital  pore:  .01  mm. 
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Testes:  (15)  .07  X -08  mm. 
No  eggs. 

Width  of  head:  .25. 
Oral  suckers:  .llX-09. 

Distomiim  oaraiigis.  n.  sp. 

On   July   17,   1912,   while  examining  a  specimen  of  "Yellow   Cre- 
valle"  Caranx  crysos  (Mitchell)  four  quite  large  trematodes  were 
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Fig.  9. 


Fig.  9.     Female  genitalia. 

Fig.  10.     Distomum  carangis. 
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found  together  at  the  terminal  end  of  the  rectum.  They  were  creami 
colored  and  about  13  mm  in  length  by  4  mm  in  width  (Fig.  10).  Alive 
when  found,  they  were  sluggish  in  their  movements  but  occasionally 
the  anterior  sucker  would  project  from  the  center  of  the  almost  square 
end  as  the  terminus  of  a  long  narrow  neck,  then  again  be  withdrawn 
and  a  roundish  head  would  be  formed  where  the  neck  had  been.    The 
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body  is  flat  and  quadrilateral  in  shape  but  thicker  down  the  center  thaa 
at  the  sides  and  ends  giving  the  impression  that  the  body  proper  is 
surrounded  by  thin  membranous  portion  or  margin.  On  pressure  between 
coverslips  this  proved  to  be  true,  for  this  marginal  portion  is  quite 
transparent  as  compared  with  the  rest  of  the  body  and  is  folded  in  all 
around  the  edge,  showing  that  in  life  the  ventral  surface  is  concave 
since  the  margin  could  not  be  flattened  out.  The  anterior  or  oral  sucker 
is  subterminaF  and  comparatively  small  but  the  ventral  sucker  is  still 
smaller  as  will  be  seen  by  the  measurements  given  3,t  the  end  of  this 
description.  The  measurements  of  the  worm  are  those  of  the  body  ex- 
clusive of  the  thin  membrane  or  fringe  surrounding  it;  if  measured  from 
the  extreme  margin  of  the  fringe  they  would  be  much  greater. 

The  esophagus  is  exceedingly  short,  the  rami  of  the  intestines 
beginning  almost  at  the  sucker  and  extending  to  near  the  caudal  ex-, 
tremity,  and  each  terminating  in  a  cul  de  sac. 

The  genital  pore  is  situated  in  the  center  of  the  body  a  short  di- 
stance posterior  to  the  bifurcation  of  the  esophagus  and  near  its  angle 
between  the  rami  of  the  intestines. 


ut— 


Vit 
Fig.  11.     Distomum  carangis  showing  female  genitalia. 

The  female  genitalia:  Almost  immediately  posterior  to  the 
ventral  sucker  (Fig.  11  j  is  the  vitellarium  which  in  this  case  consists 
of  two  irregularly  shaped  lobes  joined  by  an  isthmus  of  the  same  glan- 
dular structure.  The  ovary  is  situated  to  the  right  and  posterior  and. 
very  near  to  the  vitellarium.  It  is  rather  small  and  i^  is  near  this  lo- 
cation that  the  uterus  arises,  since  the  oviduct  here  receives  the  duct 
from  the  vitelline  gland,  and  passing  through  the  shell  gland  becomes 
a  lang  coiled  tube  filled  with  ova.  These  coils  extend  between  the  testes 
to  nearly  the  posterior  extremity  of  the  body  and  then  passing  forward 
to  the  genital  pore  terminate  in  a  large  sac-like  metraterm  which  is 
pyriform  in  shape,  and  this  in  each  instance  examined  was  filled  with 
eggs  and  terminated  in  a  small  mouth  in  a  cloaca  posterior  to  the  cirrus. 
Very  near  the  shell  gland,  as  shown  in  serial  sections,  Laurer's  canal 
joins  the  female  genital  tract  from  the  surface  dorsaUy.  No  seminal 
reservoir  could  be  seen. 

The  male  genitalia:  Consist  of  two  testes,  one  situated  on  the  left 
side  of  the  body  and  almost  exactly  midway  in  its  extent  lengthwise,  the 
other  being  placed  on  the  right  side  of  the  body  and  about  one-third 
of  its  length  from  the  caudal  end.     The  vasa  deferentia  are  peculiar  in 
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that  one  fi'om  each  testis  proceeds  directly  and  independently  to  the 
base  of  the  cirrus  sac  which  they  pierce  on  opposite  sides.  The  vasa 
deferentia  after  entering  the  sac  unite  to  form  the  cirrus  which  pro- 
ceeds to  the  genital  pore  where  it  terminates  in  an  atrium  and  anterior 
to  the  outlet  of  the  uterus.  The  cirnis  sac  is  not  large  and  is  situated 
directly  anterior  to  the  genital  pore. 

The  excretory  system,  on  account  of  the  transparency  of  the  worm, 
can  be  readily  traced  to  its  large  outlet  at  the  caudal  extremity. 

Dimensions: 
Length  13X4  nim. 
Oral  suckers  1.5  X  -8  mni. 
Ventral  sucker  .9  X  •7  °iDa-    ' 
Ova  small  and  spherical  .02  X  -02  mm. 
Vitellaria  in  two  masses  52  X  .37  and  .47  X  -27  mm. 
Ovary  -34  X  -35  mm. 
Testis  (left)  .45X-So  mm. 
Testis  (right)  .80X-57  mm. 
Habitat:    Rectum  of  "Yellow  Crevalle"  Caranx  Crysos  (Mitchell) 
Loc.  Woods,  Hole,  Mass.  U.S.A. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Society, 
N.S.,  Vol.  XIII,  Nos.  3-4.  April-May,  1913.I 

CILIATED  CYSTS  OF  THE  CESOPHAGUS 

ALWIX    M.    PAPPENHEIMER,    M.D. 

The  first  cyst  of  the  oesophagus  described  in  this  report  was 
an  unsuspected  finding  at  the  autopsy  of  a  female  infant  aged  8 
weeks,  which  showed  no  other  lesions  of  note.  Since  it  had  been 
observed  that  the  baby  took  its  feedings  with  difficulty,  it  is  prob- 
able that  the  cyst,  which  caused  a  distinct  narrowing  of  the 
oesophageal  lumen,  was  at  least  in  part  responsible  for  the  in- 
fant's death. 

The  cyst  measured  18x11x7  '''''"''•  '^''"^1  ^^'^^  situated  4.5  cm. 
above  the  cardia  on  the  posterior  wall  of  the  oesophagus.  The 
overlying  epithelium  was  thinned  out  and  translucent.  The  cyst 
contents  were  thin  and  colorless.  No  communication  existed 
either  with  the  trachea  or  oesophageal  lumen,  into  which  the  cyst 
bulged. 

Alicroscopically,  the  cyst  is  lined  with  epithelium  which  on 
closer  study  presents  some  interesting  features.  It  is  from  two 
to  four  or  five  cells  deep.  The  lowemiost  cells  rest  upon  an 
indistinct  basal  membrane,  and  are  characterized  by  the  posses- 
sion of  small,  slightly  irregular,  deeply  staining  nuclei.  The 
cells  superficial  to  this  layer  are  of  several  types.  One  may  dis- 
tinguish cells  with  a  cuticular  border  and  veiw  distinct  long  cilia. 
The  greater  portion  of  the  cyst  cavity  is  lined  with  cells  of  this 
t)-pe.  Scattered  amongst  these,  and  occasionally  opening  into 
the  cavity  of  the  cyst,  are  typical  goblet  cells,  the  nucleus  of 
which  is  compressed  to  a  crescent  Iving  at  the  base  of  the  cell. 
In  addition,  there  are  a  few  larger  rounded  cells  with  clear  cyto- 
plasm and  oval  vesicular  nucleus.  Some  of  these  are  ciliated, 
others  not ;  in  either  case  they  are  readily  distinguished  because 
of  their  large  size  and  clear  protoplasm,  from  adjoining  cells. 

The  epithelial  lining  of  the  cyst  rests  upon  a  bed  of  loose 
fibrillar  connective  tissue,  about  which  are  well-developed  bands 
of  smooth  muscle  fibers.  In  one  section,  there  is  found  amongst 
these,  a  cross  section  of  a  tubular  gland  lined  with  a  double  row 
of  non-ciliated  epithelium.     In  the  absence  of  serial  sections,  it 
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was  not  determined  wliether  this  communicated  with  the  cyst 
cavity. 

No  other  structures  were  found  in  the  sections  examined. 
The  absence  of  plates  of  cartilage,  mucous  glands,  lymphoid  fol- 
licles and  striated  muscle  fibers  should  be  emphasized. 

The  oesophageal  epithelium  overlying  the  cyst  is  somewhat 
thinned  as  compared  with  that  at  a  distance,  but  is  not  otherwise 
abnomial. 


Fig.  I. 


X- 
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Fig.  2. 

In  the  second  case,  the  cysts  were  microscopic,  and  were  dis- 
covered by  Prof.  MacCallum  in  a  section  of  cesophagus  taken 
from  a  small  area,  the  gross  appearance  of  which  is  described  as 
follows:  "in  the  upper  part  of  the  oesophagus,  at  the  level  of  the 
larynx,  there  is  a  small  ulcerated  area  about  5  mm.  in  diameter 
with  slightly  raised  pearly  white  borders.  Otherwise  the  cesoph- 
agus is  nonnal." 

The  tissue  was  taken  from  a  male,  24  years  of  age,  who  died 
of  cardiac  valvular  disease. 

The  section  shows  a  small  plaque  of  mucous  membrane  of  a 
character  wholly  different  from  that  of  the  adjacent  squamous 
epithelium.  It  resembles  gastric  or  duodenal  mucosa,  being  com- 
posed of  high  cylindrical  epithelium  lining  irregvilar  tubules  or 
crypts  which  extend  down  into  the  submucosa.     The  latter  is 
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densely  infiltrated  with  lymphoid  cells  which  in  two  places  are 
aggregated  in  the  form  of  follicles.  The  surface  epithelium  is 
largely  desquamated.  At  the  margin  of  the  plaque,  there  is  a 
nest  of  mucous  glands,  resembling  Brunner's  glands  in  the  duo- 
denum. The  adjoining  stratified  epithelium  at  the  edge  of  the 
plaque  stops  abruptly  and  there  is  no  transition.  It  is  twice  as 
thick  as  the  nonnal  squamous  epithelium  at  a  distance  from  the 
plaque,  and  is  penetrated  by  wandering  lymphoid  cells. 

Three  small  cysts  are  found  in  the  sections.  They  lie  not 
beneath  the  patch  of  mucous  membrane  but  to  either  side  of  it  in 
the  connective  tissue  of  the  oesophageal  wall.  They  are  of  rela- 
tively simple  structure.  The  somewhat  irregular  cavities  are 
lined  with  a  double  row  of  epithelium,  the  inner  cells  of  which 
are  in  most  places  distinctly  ciliated.  The  basal  row  of  cells  con- 
tains darker,  more  spherical  nuclei.  There  is  no  distinct  base- 
ment membrane.  The  cysts  are  surrounded  by  a  loose  connective 
tissue  in  which  are  many  lymphoid  cells.  They  are  scattered  and 
not  in  the  form  of  follicles.  There  is  no  proper  muscular  coat 
to  the  cysts,  as  in  the  first  case. 

Reported  cases  of  ciliated  cysts  situated  in  or  adjacent  to  the 
oesophagus  are  not  numerous.  I  have  been  able  to  find  reference 
to  but  fourteen  cases,  a  brief  summary  of  which  follows  : 

V.  Wyss  :  Virch.  Arch.,  1870,  li,  143. 

Adult.  Cyst,  size  of  an  apple,  situated  lyi  inches  above  the  cardia  on 
the  posterior  wall  of  the  (Esophagus.  The  cyst  was  filled  with  cloudy  fluid. 
The  epithelial  lining  was  lost.      No  communication  with  the  cesophagus. 

Zahn:  Virch.  Arch.,  1896,  cxliii,  179. 

Adult.  Cyst  26x18  mm.  lying  in  the  posterior  oesophageal  wall  at  junc- 
tion of  cesophagus  and  stomach.  The  cyst  was  lined  with  ciliated  epithelium 
which  was  in  part  stratified.  There  was  a  well-developed  muscular  coat,  in 
which  were  canals  and  glands.  There  was  also  a  lymphoid  infiltration,  the 
cells  in  places  being  massed  in  the  form  of  follicles.  The  derivation  of  the 
cyst  is  attributed  by  Zahn  to  a  dislocation  of  oesophageal  epithelium  during 
early  fetal  life. 

Rau,  F.  :   Virch.  Arch..  1S98,  cliii. 

Cyst,  4  cm.  in  diameter,  located  at  the  transition  of  cardia  and  oesopha- 
gus, on  the  right  posterior  wall.  The  cyst  was  lined  with  ciliated  epithelium 
of  relatively  simple  structure. 
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Trespe  :  Arb.  ai(s  d.  tath.-anat.  Abttcil.  dcs  hygicn.  Inst,  zu  Poscii  Z'oii 
Lubarsch,  Wiesbaden,  1901. 

Male  infant,  less  than  two  months  of  age.  Bilocular  cyst,  size  of 
pigeon's  egg.  situated  between  thoracic  aorta  and  oesophagus  4  cm.  above  the 
cardia.  The  cyst  did  not  communicate  with  the  lumen  of  the  oesophagus, 
but  lay  partly  within  the  oesophageal  musculature,  on  the  posterior  wall. 
Histologically,  the  cyst  was  lined  with  ciliated  epithelium,  but  contained  in 
its  wall  scattered  plates  or  "rings"  of. hyaline  cartilage. 

From  the  resemblance  of  the  cyst  wall  to  trachea  or  bronchus  Trespe 
concludes  that  the  cyst  arose  through  a  dislocation  (.\bschnurrung)  of  tis- 
sue derived  from  the  fetal  fore-gut,  before  or  during  its  differentiation  into 
respiratory  and  oesophageal  portions. 

Kraus  :  Nothnagel's  Hdbch.  d.  Spcz.  Path.,  etc.,  Erkranhungcn  d.  Muiid- 
hohle  u.  d.  Speiserohre,  1902. 

Male.  25  years  of  age.  Cyst  in  anterior  wall  of  oesophagus,  at  level  of 
tracheal  bifurcation,  6x3  cm.  in  size.  The  cyst  was  filled  with  brownish 
fluid  and  lined  with  ciliated  epithelium. 

V.  Skopnik  :  Inaugural  Diss.,  Munich,  1907. 

The  cyst  was  found  in  a  two-year  old  boy,  dying  of  diphtheria.  It 
measured  13  mm.  in  diameter,  and  was  situated  in  the  lower  part  of  the 
oesophagus,  towards  the  right  and  anteriorly.  It  contained  cloudy,  viscid 
fluid,  and  was  lined  with  rather  low  cihated  epithelium. 

Durck:  Muencli.  Med.  Woch..  1907.  liv,  2165. 

Male  child  of  2  years  dying  of  diphtheria.  In  the  lower  part  of  the 
cesophagus  to  the  right  of  the  median  line,  there  was  found  a  cyst  the  size 
of  a  hazel  nut,  with  translucent  walls.  Sections  showed  a  continuous  lining 
of  cylindrical  ciliated  epithelium  surrounded  by  the  double  layer  of  smooth 
muscle  fibers. 

(Probably  the  same  case  as  v.  Skopnik.) 

MoHR :  Ztcghr's  Bcitr'dgc,  1909,  xlv,  325. 

Case  I. — Woman,  aged  81  years.  Two-chambered  cyst,  each  cavity  about 
the  size  of  a  walnut.  The  lower  pole  of  the  mass,  which  bulged  into  the 
pleural  cavities.  lay  about  3  cm.  above  the  cardia.  The  cyst  was  lined  for 
the  most  part  by  a  single  layer  of  high  cylindrical  ciliated  cells,  beneath 
which  there  was  a  row  of  somewhat  more  irregularly  disposed  globular  cells 
with  pale  protoplasm.  In  one  place,  there  was  found  in  the  wall  of  the  cyst, 
a  plate  of  cartilage,  surrounded  by  connective  tissue. 

Case  II. — Male.  28  years  old.  dying  of  pulmonary  tuberculosis.  Walnut- 
sized  cyst,  5  cm.  above  the  cardia,  on  the  left  side.  The  cyst  was  lined  with 
ciliated  epithelium,  thrown  up  into  papillary  folds.  Outside  of  the  connective 
tissue  tunica  propria  which  was  in  places  infiltrated  with  lymphoid  cells,  were 
bundles  of  smooth  muscle  fibers. 

Case  III. — Male,  aged  65  years,  dying  of  arterio-sclerosis  and  encepha- 
lomalacia.  One  cm.  above  the  trachea,  on  the  left  and  posterior  wall  of  the 
oesophagus,  a  cyst  measuring  3x2  cm.,  bulging  into  the  lumen  of  the  oesopha- 
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gus,  and  covered  by  smooth  mucous   membrane.     Tlie  cyst  was   b'ned  by  a 
simple  layer  of  cylindrical  ciliated  epithelium,  thrown  up  in  places  into  papillae. 

Staehelin-Burckhardt  :  Arch.  f.   Vcrdauungskr.,  1909,  xv,  584. 

Female,  9  months  old,  operated  for  spina  bifida.  Cyst  measuring 
5.8x4.5x2.5  cm.  just  above  diaphragm.  The  surface  covered  by  pleura  save 
where  the  cyst  was  in  contact  with  the  oesophagus.  The  epithelial  lining  was 
of  variable  thickness,  in  places  consisting  of  a  row  of  simple  cuboidal  cells, 
in  other  portions  ciliated,  in  still  other  regions  presenting  definitely  the  char- 
acter of  gastric  mucosa,  with  glandular  crypts.  In  the  sub-mucous  con- 
nective tissue,  follicle-like  aggregations  of  lymphoid  cells.  There  was  a 
distinct  muscularis  mucosae,  and  muscular  layer. 

The  origin  of  the  cyst  is  attributed  to  an  early  misplacement  of  oesopha- 
geal epithelium,  including  the  anlage  of  cardiac  glands.  The  latter,  in  their 
further  differentiation,  gave  rise  to  the  gastric  mucosa. 

Kern:  Virch.  Arch.,  1910,  cci,  135. 

Male  child  of  7  months.  On  dissecting  oesophagus  from  trachea,  a  pea- 
sized  cyst  was  discovered,  lying  in  the  tunica  adventitia  of  the  oesophagus 
at  the  level  of  the  upper  pole  of  the  thyroid.  The  cyst  was  divided  into  three 
chambers,  separated  from  each  other  by  connective  tissue  septa.  The  cyst 
was  lined  by  a  single  layer  of  ciliated  cells.  The  wall  was  composed  of  con- 
nective tissue  in  which  were  found  plates  of  hyaline  cartilage,  mucous  glands 
and  ducts  lined  with  cuboidal  epitheHum.  Smooth  muscle  fibers  were  not 
found. 

Because  of  the  presence  of  cartilage  and  mucous  glands,  Kern  interprets 
the  cyst  as  an  evagination  and  subsequent  constriction  of  tissue  derived  from 
the  trachea,  and  not  from  the  oesophagus. 

Stoeber:  Ziegler's  Beitrage.  1912,  lii,  512. 

Infant  of  3  months,  upon  which  had  been  performed  a  tracheotomy  and 
subsequent  thymectomy  for  supposed  respiratory  obstruction.  At  the  autopsy, 
there  was  found  a  pigeon-egg  sized  tumor  on  the  anterior  and  lateral  wall  of 
the  oesophagus,  extending  from  about  i  cm.  -below  the  lower  pole  of  the 
thyroid  to  within  2  cm.  of  the  bifurcation  of  the  trachea.  The  cyst  measured 
5x3  cm.  It  lay  directly  beneath  the  mucosa  of  the  oesophagus,  and  did  not 
communicate  with  the  lumen  of  the  oesophagus  or  trachea.  On  section,  it 
was  unilocular. 

Microscopically,  the  cyst  was  lined  by  two  to  five  layers  of  epithelial 
cells,  in  part  ciliated.  There  were  occasionally  ducts  lined  wtih  cubical  epi- 
thelium in  the  cyst  wall.  Striated  muscle  fibers  were  found  in  places 
amongst  the  smooth  muscle  bundles  of  the  cyst  wall.  On  closer  study  of  the 
lining  epithelium  of  the  cyst,  various  types  of  cells  were  found  correspond- 
mg  to  those  described  by  Schridde  as  occurring  in  the  fetal  oesophagus. 
Amongst  these,  was  a  single  group  of  very  high  cylindrical  cells,  probably 
representing  an  island  of  gastric  mucosa. 

Coesfeld:  Inaug.  Diss.,  Kiel,  1891   (not  accessible). 
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L'rom  the  cases  described,  it  will  be  seen  that  there  is  con- 
siderable \-ariatiun  in  the  size  of  the  cysts.  The  largest  is  that 
reported  by  Kraus  which  measured  6  cm.  in  length.  The  cysts 
var)'  further,  in  their  location,  several  having  been  situated  at  the 
cardia,  others  at  various  points  as  high  up  as  the  th3'roid  cartilage. 
The  sites  of  predilection  seem  to  be  either  at  the  junction  of 
oesophagus  and  cardia,  or  in  the  neighborhood  of  the  tracheal 
bifurcation.  They  may  be  found  either  in  the  anterior  or  the 
posterior  wall  of  the  (esophagus.  In  none  of  the  cases  was  there 
a  communication  with  the  lumen  of  the  gut. 

As  regards  the  finer  structure  of  the  cysts,  there  appears  to  be 
considerable  uniformity  in  the  character  of  the  lining  epithelium. 
This  is  always,  at  least  in  part,  ciliated ;  it  may  be  either  in  a 
single  layer,  or  more  frecjuently,  there  are  two  or  more  layers  of 
cells.  In  addition  to  the  ciliated  cells,  cells  of  various  types  such 
as  occur  in  the  normal  oesophagus  during  fetal  life,  may  be  found. 
In  the  article  of  Stoeljer  will  be  found  a  detailed  and  \vell- 
illustrated  study  of  the  different  types  of  cells  found  in  the  lining 
epithelium.  With  the  exception  of  high  cylindrical  gland  cells 
of  the  gastric  type,  all  the  forms  depicted  by  Sfoeber  were  found 
in  the  writer's  case. 

The  epithelium  rests  upon  a  loose  connective  tissue  in  which 
collections  of  lymphoid  cells  may  be  found.  A  definite  basement 
membrane  is  not  noted  in  any  of  the  cases.  The  cysts  are  almost 
always  sm-rounded  by  bands  of  smooth  muscle  fibers;  only  in 
Stoeber's  case  is  there  mention  of  striated  fibers. 

Plates  of  cartilage  are  described  in  the  cases  of  Mohr,  Trespe 
and  Kern.  Whereas  the  last  of  these  writers  for  this  reason 
believes  the  cysts  to  be  deri\-ed  directly  from  the  trachea,  Trespe 
and  Mohr  are  inclined  to  believe  that  the  presence  of  these 
tracheal  constituents  indicates  merely  a  very  early  separation  of 
the  tissue  from  the  oesophagus,  before  or  during  the  time  of  the 
earliest  de\'elopment  of  the  respiratory  bud.  Bert  and  Fischer 
ha\'e  gone  a  step  further,  and  interpret  all  ciliated  oesophageal 
cysts,  whether  or  not  containing  cartilage  and  mucous  glands  in 
their  wall,  as  accessory  lung  anlages.     They  thus  consider  them 
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comparable  to  the  accessory  lungs  found  in  the  pleural  cavities, 
and  occasionally  below  the  diaphragm.  They  maintain  that  the 
ciliated  epithelium  and  the  plates  of  cartilage  may  be  taken  as 
indicating  the  tendency  of  oesophageal  tissue,  when  separated 
from  its  connections,  to  undergo  differentiation  along  the  line  of 
development  of  the  respiratoiy  system.  Stoeber,  on  the  other 
hand,  sees  in  the  ciliated  character  of  the  epithelium  merely  a 
persistence  of  the  embryonic  type  of  oesophageal  epithelium,  and 
the  other  t}-pes  of  cells  as  comparable  also  to  the  varied  forms 
into  which  the  basal  layer  is  differentiated  during  fetal  life. 

It  is  quite  possible  that  both  views  are  correct ;  that  in  the 
simpler  cysts,  we  are  dealing  merely  with  a  misplacement  of 
fetal  oesophageal  tissue,  whereas  in  those  cysts  the  structure  of 
which  is  complicated  by  the  presence  of  cartilage  and  mucous 
glands,  we  have  in  addition  to  a  displacement  of  oesophageal 
tissue,  a  tendency  toward  the  development  of  a  rudimentary  lung 
anlage.  The  fact  that  these  cartilage-containing  cysts  are  occa- 
sionally given  off  from  the  posterior-wall  of  the  oesophagus,  does 
not  negative  this  interpretation,  since  we  are  dealing  with  aber- 
rant, anomalous  structures. 
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I.      INTRODUCTION. 

During  the  past  winter,  many  of  the  albino  rats  used  in  this 
laboratory  died  of  an  acute  infectious  disease.  Among  the  rats 
which  became  infected  were  live  litters,  the  majority  of  which 
had  been  th\-mectomized  when  from  10  days  to  2  weeks  old,  and 
which  had  been  kept  under  close  observation  for  several  months. 
As  these  rats  showed  sjonptoms  of  illness,  they  were  killed  together 
with  control,  unoperated  animals  of  the  same  litters,  and  a 
routine  histological  examination  made  of  the  principal  organs. 
The  lesions  found  proved  to  be  so  striking  and  to  resemble  in  so 
many  respects  the  lesions  of  human  tv-phoid  fever,  that  it  seemed 
desirable  to  isolate  the  infecting  organism  and  to  study  the  disease 
experimentally.' 

Interest  in  epidemics  among  rats  and  mice  dates  back  to  the  first  publication  of 
Loffler'  in  1S92.  Loffler  isolated  from  spontaneously  infected  laboratory  mice  a  motile, 
gram-negative  bacillus  of  the  ts'phoid-colon  group  to  which  he  gave  the  name  B.  typhi 
murium.  This  bacillus  was  pathogenic  for  field  mice,  but  not  regularly  so  for  house 
mice;  grey  rats  could  not  be  infected.  The  following  year  Lolfler  used  cultures  of 
this  organism  to  combat  a  plague  of  field  mice  which  were  ravaging  the  crops  in 

*  Received  for  publication  August  19.  1013. 

•  A  preliminary  report  of  our  work  was  presented  at  the  meeting  of  the  New  Yoric  Pathological  Society 
in  May. 

"  Centralbl.J.  Bakteriol.,  1S92,  11,  p.  129;  1S93,  13,  p.  647. 
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Thessaly,  and  his  successful  experiences  inaugurated  the  use  of  bacteria  of  this  group 
for  the  wholesale  destruction  of  rodents. 

Danysz'  in  1900  isolated  from  an  epidemic  of  field  mice  in  Charny-en-Seine  a  similar 
gram-negative  bacillus  which  at  first  exhibited  marked  virulence  for  rats.  The  Danysz 
virus  has  been  repeatedly  studied,  both  as  to  its  bacteriological  relationships  and  as  to 
its  practical  applicabiUty  to  the  destruction  of  rats. 

Issatschenko/  Tartakowsky,-!  Schilling,''  Trautmann,s  and  Schern''  have  described 
spontaneous  epidemics  among  laboratory  rats,  in  all  of  which  bacilli  of  the  typhoid- 
colon  group  have  been  isolated.  There  is  further  an  abundant  literature  dealing  with 
the  interrelationships  of  the  ditTerent  strains  .of  rat  and  mouse  viruses,  and  their 
identity  with  one  or  another  t>'pe  of  paratyphoid,  enteritis,  or  hog  cholera  bacillus.  We 
may  refer  here  to  the  papers  of  Bahr,'  Raebiger  and  Grosse,*  Bainbridge,'  Rosenow," 
Kutscher  and  Meinicke,"  Xylander,"  Mereschowsky,'^  Bongert,""  and  Steffenhagen,'s 
and  shall  have  occasion  to  cite  some  of  these  workers  in  discussing  the  identity  of 
the  bacillus  isolated  by  us. 

Interest  in  the  study  of  these  organisms  has  thus  centered  largely  upon  their  prac- 
tical use  in  the  extermination  of  rats  and  mice,  and  to  this  end  cultures  prepared  by 
various  hygienic  institutes  and  commercial  firms  have  been  used  on  a  large  scale. 
Furthermore,  the  close  relationship  of  the  "Rattenschadlinge"  to  paratyphus  and 
meat-poisoning  bacilli,  has  suggested  that  their  indiscriminate  use  might  give  rise  to 
himian  infections,  and  this  possibility  appears  to  have  been  established  by  the  experi- 
ences of  Handson,  WiUiams,  and  Klein,''  Mayer,"  Trommsdorf,''  Shibayama"'  and 
Fleischanderl."" 

In  contrast  to  the  abundant  literature  dealing  with  the  bacteriologic  and  hygienic 
aspects  of  the  disease  are  the  relatively  scant  references  to  the  pathological  features. 
The  gross  changes,  it  is  true,  have  been  repeatedly  described,  and  with  considerable 
uniformity  save  as  regards  the  intestinal  lesions.  On  the  other  hand,  so  far  as  we  are 
aware,  a  careful  histological  study  has  not  been  published.  Mallory  and  Ordway 
in  1909"  first  called  attention  to  the  resemblance  of  the  lesions  produced  by  the  injection 
of  the  Danysz  bacillus  in  rats  to  the  lesions  of  human  t>'phoid,  and  demonstrated  illustra- 
tive preparations  at  the  meeting  of  theAmerican  Association  of  Pathologists  and  Bacteri- 
ologists. Beyond  a  brief  abstract,  no  complete  report  of  their  work  has  appeared. 
During  the  progress  of  our  study,  there  appeared  a  paper  by  Ordway,  KeUert,  and 

«  Ann.  d.  I'Insl.  Pasteur,  1900,  14,  p.  193. 

"  Centralbl.f.  Bakleriol.,  I,  Orig.,  1898,  2j,  p.  873;   1902,  31,  p.  26. 

J  Ref.  in  Baumgarten's  Jahresber.,  1902,  18,  p.  597. 

*  Arb.  a.  d.  k.  Gsndktsamte,  1902,  18,  p.  loS.  '  Cenlralbl.f.  Bakleriol.,  I,  Orig.,  1905,  39,  p.  263. 

•  Zlschr.f.  Hyg.,  1906,  54,  p.  104.  '  Ibid.,  1910,  54,  p.  231. 

^  Arb.  a.  d.  k.  Gsndhtsamte,  igog,  30,  p.  575.  9  Jour.  Path,  and  Baiteriol.,  1909,  13,  p.  443. 

"  Bull.  No.  5,  Hyg.  Lab.,  U.S.  Marine  Hosp.  Serv.,  1901. 

"  Ztsckr.f.  Hyg.  u.  Infectioiiskrankh.,  1905,  52,  p.  301. 

■■  Zlschr.f.  Fleisch-  u.  Mikhhyg.,  1908,  18,  p.  246. 

M  Cenlralbl.f.  Bakteriol.,  I,  Orig.,  1895,  17,  p.  742. 

»<  Kolle  u.  Wassermann,  Handbuch  d.  Path.  Mikroorg.,  Ergzheft,  1903,  3,  p.  742. 

>s  Arb.  a.  d.  k.  Gsndhtsamte,  1911,  36,  p.  198. 

'«  Brit.  Med.  Jour.,  1908,  2,  p.  1547.  "  Mtinchen.  med.  Wchnschr.,  1907,  64,  p.  979. 

»7  MUnchen.med.  Wchnschr.,  1905, 47,  p.  2261.  »"  Ibid.,  1909,  56,  p.  392. 

''Arch.f.  Hyg.,  1906,  55,  p.  279.  "  Jour.  Am.  Med.  Assn.,  1909,  52,  p.  1455. 
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Huested"  on  "A  Typhoid-like  Disease  in  Rabbits,  Produced  by  the  Subcutaneous 
Inoculation  of  a  Strain  of  B.  stiipcslkus."  The  lesions  noted  by  them  in  this  experi- 
mental disease  are  in  many  respects  identical  with  those  obtained  by  infecting  rabbits 
with  the  organism  isolated  by  us. 

II.      SYMPTOMS   OF   THE   DISEASE. 

We  have,  unfortunately,  no  data  as  to  the  percentage  of  infec- 
tions or  mortality.  Of  ii  3'oung  rats  amplj'  exposed  to  direct  con- 
tact infection,  8,  or  72  per  cent,  showed  at  autopsy  characteristic 
lesions  of  the  disease;  the  remaining  4  rats  evidently  escaped  infec- 
tion, or  were  so  mildly  infected  that  no  traces  of  the  disease  could 
be  foimd.  The  deaths  in  the  stock  cages  during  the  winter  months 
were  very  nimierous,  but  during  the  late  spring,  no  rats  became 
spontaneously  infected,  the  epidemic  evidently  having  spent  itself. 
The  duration  of  the  disease,  as  it  occurred  spontaneously,  could  not 
be  accurately  determined,  but  appeared  to  vary  within  wide  hmits. 
In  several  Utters  which  had  been  under  observation  for  some  time 
and  which  were  being  weighed  daily,  the  duration  of  the  disease,  as 
measured  by  the  initial  loss  of  weight,  was  3,  4,  7,  and  12  da\'s 
respectiveh'.  These  data  are  only  approximate,  as  the  animals 
were  killed  when  moribund.  Moreover,  in  two  rats,  characteristic 
lesions  were  foimd  altho  there  had  been  no  previous  loss  of  weight. 

In  animals  experimentally  infected  and  allowed  to  die,  the 
duration  of  the  illness  varied  with  the  mode  of  infection.  Two  rats 
after  intraperitoneal  injection  of  a  large  dose  died  after  two  and  three 
days  respectively;  after  subcutaneous  inoculation  death  occurred  in 
six  and  seven  days;  after  infection  by  feeding,  in  nine  days. 

Emaciation  and  loss  of  weight  were  very  marked  in  most  of  the 
rats.  There  was  regvdarly  observed  a  marked  anemia,  as  judged 
by  the  blanching  of  the  ears  and  the  pallor  of  the  eye-grounds. 
Smears  from  the  blood  showed  great  numbers  of  normoblasts,  and 
marked  polychromatophiUa  and  granular  degeneration  of  the 
erythrocytes.  The  normal  pink  color  of  the  eyes  was  often  changed 
to  a  brownish  or  chocolate  tinge  by  which  the  disease  could  be 
readily  diagnosticated.  This  has  been  shown  by  Boycott^  to  be  due 
to  methemoglobinemia.  A  bloody  crust  about  the  nose  and  eyes 
was  always  present  in  the  terminal  stages.     Diarrhea  occurred  in 

•  Jour.  Med.  Research.  1913,  28,  p.  41.  'Jour.  Byg.,  1911,  11,  p.  443. 
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some,  but  b}-  no  means  in  the  majority  of  the  cases.  Man}-  of  the 
rats  showed  no  intestinal  disturbances,  and  voided  normal  dry 
globular  scybalae  until  their  death. 

III.     bacteriological  findings. 

A  bacteriological  study  was  made  of  three  rats  dying  of  spon- 
taneous infection  during  this  epidemic.  The  cultures  obtained  were 
compared  with  one  another  morphologically  and  biologically  to 
estabhsh  their  identity,  and  were  then  inoculated  into  four  rats  and 
fed  to  two  others  to  fulfill  Koch's  postulates  for  determining  the 
etiological  relationship  of  a  microorganism  to  a  disease.  Other 
animals  were  also  experimentally  inoculated.  The  strains  isolated 
were  also  compared  with  the  following  cultures: 

1.  B.  cnlcritidis  Gaertner,  obtained  from  the  collection  of  the  American  Museum 
of  Natural  History,  New  York  City. 

2.  B.  typhi  murium  A,  also  obtained  from  the  American  IMusenm  of  Natural  His- 
tory, is  a  subculture  from  a  strain  isolated  by  S.  Miggi  from  the  "Liverpool  virus," 
a  commercial  rat  poison  sold  in  England  and  in  this  country. 

3.  B.  typhi  murium  B,  a  strain  from  our  laboratory  collection. 

4.  Bacillus  from  the  Rockefeller  Institute,  isolated  during  a  rat  epidemic  by  Dr. 
F.  Haines. 

5.  B.  paralyphosus  B.  (.Schottmiiller) ,  from  the  laboratory  collection. 

6.  B.  coti  communis,  from  the  laboratory  collection. 

7.  B.  typhosus  (James),  from  the  laboratory  collection. 

8.  B.  typhosus,  isolated  by  one  of  us  from  a  patient  with  typhoid  fever. 

Methods  Employer  in  the  Compaeative  Tests. 

Indol  and  nitrate  cultures  were  e.xamined  four,  six,  and  fifteen  days  after  inocula- 
tion and  were  then  kept  for  a  few  weeks.  The  observations  on  the  sugar  fermentation 
tubes  were  made  after  48  hours.  .All  fermentation  comparisons  were  made  with  tested 
sugars  in  sugar-free  broth.  Four  degrees  of  gas  production  were  noted,  namely 
-|-  =  trace  of  gas;  -t--|-=  one-fourth  of  closed  arm  full  of  gas;  -|- -|- -|- =  half-closed  arm 
full  of  gas;  -|--t--|--|-  =  three-fourths  of  closed  arm  full  of  gas.  Negative  control  tubes 
were  used  in  all  tests. 

•Agglutination  tests  were  invariably  made  by  the  macroscopic  method.  Emulsions 
of  the  bacteria  of  approximately  the  same  degree  of  opalescence  were  made  in  normal 
saline  solution  from  agar  cultures  grown  at  37°  for  18  hours.  The  agglutination 
readings  were  taken  after  incubating  the  tubes  for  two  hours,  and  again  after  four  hours ; 
they  were  then  kept  at  room  temperature,  and  a  third  reading  was  taken  the  next 
morning.  The  four-hour  reading  is  used  in  the  following  table.  In  all  cases  the  high- 
est dilution  of  the  serum  at  which  agglutination  was  visible  to  the  naked  eye  was 
taken  as  the  agglutination  limit  of  the  serum.  Control  tubes  ci.mtaining  only  bacterial 
emulsion  and  normal  saline  were  used  in  every  experiment.     The  serum  used  was 
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monovalent  and  was  obtained  from  a  rabbit  which  had  received  five  injections  of 
dead,  and  five  of  live,  bacteria.  The  injections  were  made  daily,  with  four  days' 
interval  between  administering  the  dead  and  the  live  bacteria.  The  bacteria  used  for 
immunization  were  of  the  strain  isolated  from  Rat  .\2.  Three  degrees  of  agglutina- 
tion were  noted,  namely,  -f=compIete  reaction;  ='==partial  reaction;  —  =negative 
reaction.     .Vll  tests  were  made  in  duplicate. 

The  Investigation  of  the  Rat  Epidemic. 

Rat  Ai  had  profuse  diarrhea,  and  there  were  crusts  of  blood 
about  eyes  and  nose.  At  autopsy,  there  were  obtained  from  the 
heart  blood,  liver,  and  spleen  pure  cultures  of  a  gram-negative  bacil- 
lus. This  was  slender  and  actively  motile,  resembling  morphologi- 
cally the  t^^hoid  bacillus. 

Rat  A2  was  examined  about  six  hours  after  death.  From  the 
heart  blood,  hver,  and  spleen  in  all  plates,  pure  cultures  were  ob- 
tained of  an  organism  identical  morphologically  and  culturally 
with  the  gram-negative  bacillus  found  in  Rat  Ai. 

Similarh'  Rat  A3  was  examined  and  pure  cultures  of  this 
organism  were  again  obtained  from  the  heart  blood,  liver,  and  spleen. 
Other  rats  were  examined  during  the  epidemic  and  gram-negative 
bacilli  were  found  in  all,  but  a  complete  cultural  identification  was 
not  made. 

The  bacilH  were  readily  isolated  in  pure  culture  from  all  the 
rats  examined. 

Morphological  and  Cultural  Characters. 

The  bacillus  is  slender,  actively  motile,  gram-negative,  and  non- 
spore-bearing.  It  stains  with  the  ordinary  laboratory  dyes.  In 
the  tissues  of  the  rats  the  bacillus  appeared  much  larger  than  in 
smears  from  the  cultures  and  showed  bipolar  staining.  On  agar 
plates,  the  organism  grew  rapidly,  forming  moist  grey-white  colo- 
nies which  were  large  and  round  with  smooth  borders.  On  agar 
slants  the  growth  had  the  same  grey-white  moist  appearance. 
The  water  of  condensation  was  cloudy  with  a  heavy  sediment  for 
the  first  few  days;  after  standing  for  a  week,  this  cleared  up  for 
the  most  part. 

Gelatine  stab-cultures  showed  a  fungiform  growth  and  were 
not  Uquefied  in  30  days. 

Broth  was  evenly  clouded  in  24  hours.     Afterward  a  heavj' 
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sediment  and  a  thin  pellicle  formed.  At  the  end  of  four  days  the 
sediment  collected  in  large  flakes  at  the  bottom  of  the  tube. 

Nitrates  were  reduced  to  nitrites.  In  Dunham's  peptone 
broth,  there  was  sUght  indol  production  after  four  to  six  days  in 
nearly  all  tests. 

On  potato,  a  scant  grey-white  growth  was  obtained  that  became 
visible  only  after  three  to  four  days. 

Litmus  milk  at  the  end  of  24  hours  was  acidified,  at  the  end  of 
48  hours  neutral,  and  at  the  end  of  3  days  alkalin.  It  was  not 
coagulated. 

B.  enteritidis  Gaertner  and  B.  typhi  murium  A  were  compared 
with  the  organisms  isolated  from  the  rats  on  all  the  culture  media 
just  described.  No  marked  difference  was  found  in  any  of  their 
cultural   characters. 

The  bacilli  isolated  from  the  rats  were  also  compared  on  serum 
water  carbohydrate  media  and  on  fermentation  tubes,  with  B.  typhi 
murium  A,  B.  typhi  murium  B,  and  the  rat  bacillus  from  the 
Rockefeller  Institute.  Our  first  series  of  comparisons  were  made 
in  April,  1913,  very  soon  after  isolating  the  organisms  from  the 
rats.  Fermentation  tubes  were  then  inoculated  with  the  first 
subcultures  of  Ai  and  A3.'  A2  had  been  transplanted  about  15 
times.  The  organisms  taken  for  comparison  were  from  stock 
cultures.     The  results  are  as  follows: 

TABLE  I. 
Sugar  Fermentation  Reactions. 


Strains 

RatB 

(Ai) 

RatB 

(A2) 

RatB 
(A3) 

B.  typhi 
murium  X 

B. typhi 
murium  B 

Rat  BaciUus 

from 

Rockefeller 

Institute 

Dextrose 

Acid 

+* 

+ 

Alkalin 

AlkaUn 

+ 

+ 

AlkaUn 

+ 
Alkalin 

+ 

Acid 

+ 

AlkaUn 
AlkaUn 

+ 

-t- 

+ 

+  + 

AlkaUn 

+ 
AUiaUn 

+ 

+  +  + 
+  + 
+  + 

Alkalin 
-I-  + 

AUtaUn 

+  + 

+  + 

+  + 

Levulose  

+  + 

AUiaUn 

+  +  + 

AlkaUn 

Dextrin    

+  + 

*  Sign  +  indicates  gas  production  in  fermentation  tubes;    the  number  of  -f-  signs  indicates  the 
degree  of  gas  production. 


These  results  were  published  in  our  preliminary  paper  on  this 
subject.     Since    that    time,   about   30  daily    transplantations  on 
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glucose  agar  slants  have  been  made,  and  we  have  again  compared 
the  gas  production  with  the  results  tabulated: 

TABLE  2. 
Sugar  Fermentation  Reactions. 


Strains 

Rat  B 
(Ai) 

RatB 

(A2) 

Rat  B 

(A3) 

B.  typhi 
murium  A 

B.  enteri- 

tidis 
Gaertner 

B.  typhi 
murium  B 

Rat  Bacil- 
lus from 

Rockefeller 
Institute 

++  + 
+ 
+  + 
Alkalin 
+  +  + 
AlkaUn 

++ 

+  +  + 
+ 

++ 
Alkalin' 
+++  + 
AUiaUn 

+  +  + 

+  +  + 
+ 

+  + 
AlkaUn 
+  +  + 
AUiaUn 

+  + 

+  +  + 
+ 
+  + 
AUtaUn 
+  +  +  + 
Alkalin 

+  + 

+  +  + 
+  +  + 
+  + 
AlkaUn 
+  +  +  + 
AlkaUn 

+  + 

+  ++ 

+  +  + 
+  +  +  + 

AlkaUn 
+  +  +  + 

AU;aUn 

++  +  + 

+  +  + 

+  +  + 

+++  + 

AUtalin 

+  +  +  + 

Saccharose 

AUtaUn 

+  +  +  + 

As  may  be  seen  by  comparing  the  two  tables,  all  cultures  showed 
a  greater  degree  of  gas  production  after  growing  on  glucose  agar  for 
about  two  months.  All  three  strains  of  the  rat  bacillus  produced 
abundant  gas  in  the  glucose  fennentation  tubes.  The  rat  bacillus 
from  the  Rockefeller  Institute  and  B.  typhi  murium  B  differed  from 
the  others  only  in  the  degree  of  their  gas  production.  The  three 
strains  of  our  rat  bacillus,  B.  typhi  murium  A,  and  B.  enteritidis 
Gaertner  agreed  in  every  instance  except  in  the  degree  of  gas  pro- 
duction in  maltose. 

Agglutin.\tion  Re.actioxs. 

The  agglutinability  of  our  three  strains  of  organisms  was  com- 
pared with  strains  of  B.  typhosus  (James),  B.  typhosus  (v.  W), 
B.  paratyphosus  B  (Schottmiiller),  B.  coli  communis.  B.  enteritidis 
Gaertner,  B.  typhi  murium  A,  B.  typhi  murium  B.  and  the  rat 
bacillus  from  the  Rockefeller  Institute.  The  results  are  tabulated 
in  Table  3. 

These  agglutination  reactions  indicate  that  the  organisms 
isolated  from  the  rats  differ  markedly  from  B.  coli,  B.  paratyphus  B, 
B.  typhi  murium  B.  and  the  Rockefeller  Institute  rat  bacillus.  It 
may  also  be  seen  that  the  two  strains  of  B.  typhosus  agglutinated  in 
quite  high  dilutions.  This  curious  phenomenon  has  also  been 
reported  by  Hiibener,'  Lebram,^  and  others.     They  have  found  that 

*  Fteischvergiftungen  u.  Paratyphus  Infeklionen.  BerUn,  iqio. 
'  Ztschr.  f.  Ilyg.  u.  Infectiotiskrattkh.,  1909,  44,  p.  411. 
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TABLE  3- 
Agglutination  Reactions. 


Agglutination  with  Serum  of  Rabbit  Immunized  with  Rat  Bacillus  No.  A2 

Readings:  4  Hours. 

Time  of  Recorded 

Strains 

Rat  B 

(Ai) 

Rat  B 

(A2) 

Rat  B 
(A3) 

B. 
typhi 
mu- 
rium \ 

B. 

enteri- 
tidis 

Gaert- 
ner 

B. 

lyph. 

(James) 

B. 

typk. 
(V.W) 

B. 

typhi 
mu- 
rium. 
B 

RatB. 

Rocke- 
feller 

Insti- 
tute 

B.  coli 

B. 

para- 

txpls. 

B 

Dilution 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
-h 
-1- 
-H 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
-t- 
+ 
+ 
+ 
-f- 
+ 
+ 
+ 
+ 
+ 

.      + 

+ 
-t- 
+ 

+ 

+ 
-1- 
+ 
+ 
+ 
+ 
+ 

- 

_ 

— 

I-       80 

_ 

_ 

_ 

_ 

I-     300 

_ 

_ 

_ 

_ 

I-  s.ooo 

- 

1-15.000 

Saline  Control 

the  tj^hoid  bacillus  at  times  agglutinates  almost  up  to  the  titer 
limit  of  the  serum  of  B.  enterUidis  Gaertner. 

These  agglutination  experiments  seem  to  conhrm  the  results  of 
our  culture  comparisons  and  suggest  that  the  organism  isolated  from 
the  rats,  B.  enterUidis  Gaertner,  and  the  organism  of  the  Liverpool 
virus  are  very  closely  allied. 

The  close  relationship  of  the  organism  of  the  Liverpool  \arus  and 
B.  enterUidis  Gaertner  has  previously  been  reported  by  Steffen- 
hagen'  who  made  an  extensive  investigation  to  determine  this 
fact.  He  reported  that  they  agreed  in  practically  all  respects. 
The  work  of  Miihlens,  Dahm  and  Furst,^  von  Ermengen,'  Schern,'' 
and  others  suggests  that  both  in  their  cultural  characteristics  and 
in  their  agglutination  reactions  the  organisms  isolated  by  them  from 
rat  epidemics  agreed  with  the  Danysz,  Ratin,  Issatschenko,  and 
Gaertner  bacillus. 

Bainbridge^  also  reports  that  B.  enterUidis  Gaertner  and  the 
Danysz  bacillus,  which  can  be  easily  distinguished  from  B.  para- 
typhus  A,  B.  paratypkus  B,  B.  Aertryck,  and  B.  suipesticus  by  their 
agglutination  reactions,  are  indistinguishable  from  one   another 

■  op.  cit. 

'  Centralbl.J.  Bakteriol.,  I,  Oris  ,  1909,  4S,  p.  i. 

3  KoUe  u.  Wassermann,  Uandbuch  d.  Path.  Mikroorg.,  1903,  2,  p.  637. 

<  Op.  cit.  s  Op.  cit. 


1 88     Al^\tn  M.  P.\ppenheimer  and  Hassow  von  Wedel 

and  apparently,  also,  are  merely  strains  of  the  same  organism.  He 
also  reports  that  B.  typhi  murium  has  no  existence  as  a  definite 
organism,  since  different  strains  alleged  to  be  B.  typhi  murium 
and  obtained  from  accredited  sources  were  found  to  differ  greatly. 
His  reports  seem  to  agree  with  our  findings. 

It  is  therefore  evident  that  the  bacillus  which  we  have  isolated 
from  this  epidemic  agrees  in  nearh"  all  respects  with  B.  enteritidis 
Gaertner  and  vd\h  B.  typhi  murium  A  which  we  secured  from  the 
American  Museum  of  Natural  History  and  which  is  a  subculture  of 
a  strain  originally  isolated  from  the  Liverpool  virus,  a  commercial 
rat  poison  sold  in  England  and  this  country. 

This  Liverpool  virus  has  also  been  investigated  by  Handson, 
Wilhams,  and  Klein.'  An  epidemic  broke  out  in  a  large  business 
house  in  London.  Twelve  persons  were  taken  ill  with  the  disease. 
Ten  days  later  when  they  were  all  convalescent,  an  investigation 
revealed  the  fact  that,  altho  these  men  all  ate  at  the  business  house 
with  many  other  employees,  only  those  who  ate  in  a  certain  room 
were  taken  ill.  In  this  room  a  bad  odor  was  noticed,  and  upon 
removal  of  the  floor  boards,  40  dead  rats  were  found.  It  was  then 
discovered  that  a  rat  poison,  the  Liverpool  \drus,  had  been  spread 
on  bread  and  placed  around  the  room  so  that  the  rats  could  get  it. 
Cultures  were  made  from  the  dead  rats  and  from  the  patients,  and 
Klein  reports  that  the  bacilli  isolated  agreed  in  every  respect  with 
each  other,  and  wdth  the  organism  found  in  the  Liverpool  wus. 
Blood  sera  of  the  convalescent  patients  agglutinated  the  organisms 
of  the  Liverpool  virus,  the  organism  isolated  from  the  dead  rats, 
and  the  organism  isolated  from  the  patients. 

During  an  investigation  of  mouse  typhoid.  Mayer, ^  who  was 
conducting  the  work,  was  taken  violently  ill.  Upon  examination 
of  his  stools  mouse  tj^hoid  bacilh  were  isolated.  His  blood  serum 
in  high  dilutions  agglutinated  the  mouse  typhoid  bacilli.  He  there- 
fore concludes  that  mouse  typhoid  bacilli  can  cause  acute  and 
violent  illness  in  man. 

Four  separate  outbreaks  of  gastro-enteritis,  with  one  death, 
have  been  observed  by  Shibayama^  in  Japan,  who  shows  reasonable 
grounds  for  attributing  them  to  the  careless  use  of  a  rat  virus  con- 
taining Loftier's  B.  typhi  murium. 

'Op.  cil.  •  op.  cil.  'Op.  cil. 
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Animal  Inoculations. 

In  order  to  establish  the  etiological  relationship  of  the  organism 
to  the  disease,  we  inoculated  six  rats  brought  into  the  laboratory 
especially  for  these  tests  from  a  lot  that  had  no  record  of  disease 
among  them  and  which  were  kept  under  observation  for  several 
days. 

Two  rats  were  inoculated  intraperitoneally  with  0.5  c.c.  of  a 
saline  suspension  of  the  bacilli  growfi  on  agar  for  24  hours.  These 
rats  died  in  two  and  three  days.  They  developed  no  characteristic 
symptoms. 

Two  others  were  inoculated  subcutaneously  with  the  same 
amount  of  bacterial  suspension;  they  had  no  diarrhea,  but  bloody 
crusts  about  eyes  and  nose  formed  in  five  days  and  the  animals  were 
dead  in  six  and  seven  days. 

The  last  two  were  fed  with  bread  soaked  in  24-hour  broth  cul- 
ture; they  developed  all  the  characteristic  symptoms  and  died  in 
nine  days. 

At  autopsy,  the  organisms  were  recovered  in  pure  culture  in  all 
six  experimental  tests  from  the  heart  blood,  liver,  and  spleen,  and 
the  characteristic  lesions  were  present. 

These  results  therefore  clearly  establish  the  etiological  relation- 
ship of  the  bacilli  to  the  disease. 

We  then  inoculated  a  rabbit,  a  guinea-pig,  and  two  mice,  one 
intraperitoneally  and  one  subcutaneously  with  a  saline  suspension 
of  the  bacilli.  One  c.c.  of  the  bacterial  suspension  killed  a  rabbit 
in  three  days,  i  c.c.  killed  the  guinea-pig  in  18  hours,  and  one-third 
of  a  cubic  centimeter  killed  the  two  mice  in  18  hours. 

In  every  case,  the  organisms  were  recovered  in  pure  culture 
and  in  smears  from  the  heart  blood  of  the  animals;  large  numbers  of 
the  baciUi  were  found,  showing  that  the  organism  had  developed, 
giving  rise  to  a  true  infection.  It  was  difficult  to  find  the  bacilU  in 
smears  from  the  heart  blood  of  the  rats  dying  of  spontaneous  infec- 
tions, altho  they  grew  in  cultures.  We  also  inoculated  a  rabbit  with 
the  same  amount  of  bacterial  suspension  which  had  been  given 
to  the  other  animals,  killed  by  heat,  as  a  control  for  the  virulent 
inoculated  material  of  the  cultures.     The  rabbit  was  not  killed. 

As  yet  we  have  not  tried  to  infect  other  animals  by  feeding. 
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The  majoritj'  of  workers,  however,  have  not  been  able  to  reproduce 
the  disease  in  rabbits,  cats,  and  dogs  by  feeding  them  with  the 
bacillus  isolated  from  epidemics  in  rats. 

Conclusions. 

The  organisms  isolated  from  the  rats  proved  to  be  etiologically 
concerned  in  causing  the  epidemic.  They  were  found  to  agree  with 
the  bacillus  of  the  Liverpool  virus  and  B.  cnkritidis  Gaertner. 
both  in  their  cultural  characters  and  in  their  agglutination  reactions. 
This  suggests  the  probabiKt\-  that  all  these  bacilli  are  ver}'  closely 
related  to  one  another,  if  not  strains  of  the  same  organism.  It 
would  seem,  further,  that  the  use  of  commercial  rat  Niruses  contain- 
ing these  organisms  may  be  a  menace  to  man. 

IV.      PATHOLOGICAL   FINDINGS. 
I.    Pre\ious  Observ.^tions. 

The  lesions  observed  by  Loffler'  in  the  mouse  epidemic  described  by  him  were 
enlargement  of  the  spleen,  necrotic  foci  in  the  h\'er,  and  hemorrhagic  gastro-enteritis. 
The  Pej'er's  plaques  and  the  mesenteric  lymph-nodes  were  swollen  and  congested. 
Masses  of  bacilU  were  always  found  in  the  necrotic  areas  in  the  Uver,  but  occurred  also 
in  the  Uver  capillaries  apart  from  the  necroses. 

Schilling'  in  1902  published  an  account  of  a  spontaneous  epidemic  among  labora- 
tory rats.  The  duration  of  the  illness  was  only  one  or  two  days,  the  rats  showing 
weakness,  roughness  of  the  hair,  closing  of  the  eyes  by  crusts,  and  in  most  cases 
diarrhea.  Retardation  of  growth  was  observed  in  those  rats  which  escaped  the  dis- 
ease. Pathologically,  there  was  found  enlargement  of  the  spleen.  The  stomach  was 
normal,  but  the  middle  portion  of  the  small  intestine  exhibited  various  grades  of  in- 
Uammation  and  edema,  with  sweUing  of  the  follicles.  In  the  mild  cases,  the  intestinal 
contents  consisted  of  thin  fluid,  with  gas  bubbles;  in  the  severe  cases,  of  mucus  admixed 
with  blood.  The  lower  portion  of  the  small  intestine,  the  cecum,  and  colon  were 
unchanged.  The  lungs  in  the  acute  cases,  showed  merely  petechial  hemorrhages  and 
small  areas  of  collapse,  but  in  the  more  protracted  forms  of  the  disease,  the  lungs  were 
dense,  infiltrated,  and  contained  yellowish  areas  of  necrosis.  Schilling  thus  distin- 
guishes two  forms  of  the  disease,  one  acute,  with  predominantly  intestinal  lesions, 
the  other  more  chronic,  with  marked  alterations  of  the  lungs. 

Trommsdorfs  in  1903  gave  a  fairly  detailed  description  of  the  lesions  produced  in 
white  rats  by  feeding  bacilh  isolated  from  the  feces  of  patients  suffering  from  an 
epidemic  of  dysenterj-.  These  bacilli  were  agglutinated  by  mouse-tj'phoid  serum,  and 
were  considered  by  Trortunsdorf  to  be  identical  with  B.  typhi  murium. 

The  spleen  in  the  infected  mice  was  enormously  enlarged,  and  usually  firm.  The 
liver  was  dark  red  and  showed  fatty  areas,  or  was  sprinkled  with  yellowish  points. 
The  kidneys  were  normal.     The  small  intestine  was  edematous,  injected,  and  filled 
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with  fluid  feces.  The  mucosa  was  sprinkled  with  hemorrhages.  The  mesenteric, 
inguinal,  and  axillary  lymph-nodes  were  swoUen  and  hemorrhagic.  The  lungs  were 
normal.  Bacilli  were  found  in  smears  from  li\-er  and  spleen  and  in  cultures  from  all 
organs. 

Bahr'  in  1905  made  a  comparative  study  of  the  Danysz  and  Issatschenko  viruses, 
of  a  commercial  virus  called  "  Ratin,"  and  of  B.  typhi  murium.  Incidentally,  he  studied 
the  lesions  produced  by  feeding  brown  rats  with  cultures  of  "Ratin."  The  lesions 
noted  are  the  same  as  those  recorded  by  previous  observers,  save  that  Bahr  mentions 
the  occurrence  of  fibrinous  peritonitis. 

Trautmann'  in  igo6  described  the  lesions  found  in  epidemic  and  sporadic  infections 
among  laboratory  rats  at  the  Hamburg  Hospital,  and  emphasized  the  resemblance  of 
the  clinical  picture  to  that  of  rat  plague.  The  autopsy  findings  in  both  spontaneously 
and  experimentally  infected  rats  were  emaciation,  hemorrhagic  bubos,  swelling  and 
punctiform  necroses  of  the  liver,  marked  enlargement  of  the  spleen,  h>peremia  of  the 
lungs,  often  with  necrotic  foci.  In  feeding  experiments,  there  was  swelling  of  the 
Peyer's  plaques  and  of  the  mesenteric,  retroperitoneal,  and  submaxillary  lymph- 
nodes.     No  microscopic  studies  were  made. 

In  1906,  there  appeared  also  an  exhaustive  paper  by  Kutscher  and  Meinicke,^ 
dealing  with  the  comparative  cultural  and  biological  characters  of  numerous  strains 
of  B.  paralyphus  .\  and  B,  B.  cntcritidis  Gaertner,  and  B.  lyplii  murium.  The  patho- 
genicity of  the  various  strains  was  tested  on  mice,  rabbits,  and  guinea-pigs,  but  aside 
from  the  gross  lesions  noted  by  previous  observers,  no  detailed  pathological  description 
are  given. 

Schern-'  in  1909  studied  an  epidemic  among  tame  laboratory  rats  in  which  the 
obvious  signs  of  illness  lasted  only  two  to  three  days.  The  disease  was  characterized 
by  emaciation,  loss  of  appetite,  and  in  some  animals  by  profuse  diarrhea.  The  lesions 
found  were  injection  of  the  peritoneum,  without  inflammatory  exudate,  marked 
enlargement  of  the  spleen,  cloudy  swelling  of  the  liver,  with  punctiform  red  areas 
beneath  the  capsule  and  on  section.  In  the  spleen  and  liver  of  animals  which  survived 
the  infection  for  a  longer  period,  there  were  pinhead-sized  grejish  or  greyish-yellow 
foci,  suggesting  tubercles.  The  stomach  was  normal.  The  intestine  was  distended, 
the  mucosa  in  the  greater  number  of  cases  swoUen  and  congested.  The  Peyer"s 
plaques  were  conspicuous.  Kidneys  were  cloudy  and  swollen,  the  adrenals  slightly 
reddened.  In  two  rats,  large  nodules  suggesting  "pseudo-tubercles"  were  present  in 
the  lungs. 

Steffenhagens  in  191 1  made  a  careful  study  of  the  gross  lesions  in  rats  fed  with 
the  Liverpool  virus,  wliich  he  considers  identical  with  B.  cnleritidis.  Like  all  the 
observers  quoted,  he  records  marked  enlargement  of  the  spleen,  which  is  described 
as  grej-ish  black  or  reddish  grey,  with  a  firm  "  amyloid-Uke "  consistence;  rarely,  there 
was  found  a  soft,  hyperplastic  splenic  tumor.  The  intestines  were  distended,  the  venules 
of  the  serosa  and  mesentery  injected.  The  small  intestine  contained  pale->'ellow  or 
thin  dark-brown  fluid,  in  which  red  blood  cells  could  be  found  microscopically.  The 
mucosa  was  unchanged  but  the  follicles  were  swollen.  The  large  intestine  was  not 
altered.  The  lungs  were  dirty  grey  on  section,  very  bloody,  and  succulent.  There 
were  pinhead-sized  hemorrhages  beneath  the  pleura,  and  often  grejish  nodules  sug- 
gesting tubercles.     These  consisted  of  necrotic  areas  with  round-celled  infiltration. 

■  Op.  cil.  '  Op.  cil. 
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Here  and  there  were  found  pepper-grain  sized  abscesses  with  minute  metastatic 
abscesses  in  the  surrounding  area.  Bacilli  were  not  found  in  smears  from  these,  so 
that  the  origin  of  the  pulmonary  lesions  was  questionable.  The  Uver  was  enlarged, 
brownish  red,  bloody  on  section,  showing  irregular,  yellowish  patches;  in  advanced 
cases,  the  entire  liver  was  of  a  bright  yellow-color  save  for  small  reddish  patches.  The 
cerWcal  l\-mph-nodes  were  found  enlarged  in  one  case.  The  adrenals  were  either 
diffusely  hyperemic  or  showed  a  h\peremic  zone  about  the  medullary  portion. 

Boycott'  in  igii  made  the  interesting  observation  that  infection  of  white  rats 
with  the  Gaertner  bacillus  was  frequently  accompanied  by  methemoglobinemia. 
The  other  lesions  noted  by  him,  were  necroses  of  the  liver  and  spleen,  and,  in  five  rats, 
acute  suppurative  myocarditis  of  the  left  ventricle. 

The  foregoing  citations  include,  we  believe,  the  more  important  contributions  to 
the  pathologj'  of  the  disease  caused  in  rats  and  mice  by  bacilli  of  the  paratj^phoid  and 
enteritidis  group.  To  this  list  should  be  added  the  study  of  the  liver  lesions  in  rabbits 
and  white  mice  following  infections  with  B.  siiipestiats.  b\  Boxmeyer,'  and  the  recent 
work  of  Ordway,  Kellert,  and  Huested,  also  with  a  strain  of  the  hog-cholera  grouo. 
These  we  shall  consider  in  discussing  the  genesis  of  the  liver  lesions. 

2.    Gross  Lesions. 

The  gross  lesions  noted  in  the  present  epidemic  agree  quite 
closely  with  those  recorded  by  the  writers  cited  above.  No  differ- 
ences were  observed  between  the  spontaneously  and  the  artificially 
infected  rats,  nor  between  those  infected  by  subcutaneous  injections 
and  those  in  which  the  disease  was  reproduced  by  feeding.  The 
intestinal  lesions,  in  particular,  were  not  more  striking  in  animals 
infected  by  the  intestinal  route. 

Emaciation  was  always  more  or  less  marked.  The  peritoneal 
cavity  was  always  free  from  exudate,  even  in  rats  injected  intra- 
peritoneally.  Marked  hj-peremia,  as  described  by  Bahr  and 
Schern.  was  not  seen.  The  Kver  was  pale  and  friable,  and  some- 
times mottled.  In  some  cases,  minute,  translucent,  grepsh  foci 
could  be  detected  with  the  magnifjdng  glass,  but  were  not  \-isible 
to  the  unaided  eye.  The  spleen  was  greatly  enlarged  in  all  cases 
but  one.  in  which  it  measured  only  27  mm.  as  against  ^t,  mm.  and 
32  mm.  in  the  healthy  controls  of  the  same  Htter.  This  exceptional 
finding  will  be  discussed  later.  A  t\pical  example  is  Litter  D,  in 
which  the  infected  spleens  measured  37,  40.  and  39  mm.;  that  of  a 
healthy  control  rat  of  the  same  litter,  killed  at  the  same  time,  23 
mm.  The  spleens  were  firm  and  tense,  very  dark  bluish  purple, 
but  irregularly  mottled  on  section  by  hemorrhagic  and  greyish  areas. 

'  op.  cil. 
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The  stomach  showed  nothing  abnormal.  The  intestines  were 
usually  collapsed.  The  intestinal  contents  in  those  animals  which 
had  previously  had  diarrhea  were  fluid,  sometimes  admixed  with 
mucus,  and  occasionally  flecked  with  bright  blood.  Other  animals 
showed  normal  intestinal  contents,  with  formed  scybalae  in  the  large 
gut.  A  few  scattered  petechial  hemorrhages  were  occasionally 
seen,  but  no  lesions  which  could  be  justly  described  as  a  hemorrhagic 
enteritis.  The  appearance  of  the  Peyer's  plaques  varied.  In  the 
majority  of  the  cases,  they  were  pale  and  not  abnormally  prominent. 
In  one  case,  only,  was  there  found  a  small  ulcer,  and  this  proved 
on  microscopical  examination  to  be  a  localized  destruction  of  mucous 
membrane  by  a  rather  extensive  submucous  hemorrhage. 

The  mesenteric  l}Tnph-nodes  were  not  noticeably  enlarged, 
and  were  not  hyperemic.  The  lungs,  with  the  exception  of  occa- 
sional small  purpuric  spots  beneath  the  pleura,  showed  no  gross 
change.  One  rat,  which  had  been  infected  by  feeding,  showed 
marked  alterations  in  one  lung,  the  relation  of  which  to  the  inciting 
organism  was  not  proven.  The  lung  in  this  case  was  shrunken, 
firm,  and  riddled  with  caseous  abscesses  of  large  size.  Micro- 
scopically, there  was  an  interstitial  pnevunonia,  and  bronchiectatic 
cavities  filled  with  necrotic  exudate.  Whether  this  isolated  finding 
is  related  to  the  disease,  we  are  unable  to  say,  as  no  bacteriological 
examination  of  the  lung  was  made,  altho  the  organism  was  readily 
recoverable  from  the  blood  and  spleen  in  this  case.  The  lesion  is 
apparently  the  same  as  that  described  by  Schilhng,'  and  according 
to  Currie,^  is  a  not  infrequent  finding  in  rats  apart  from  the  disease 
which  we  have  studied.  The  fact  that  a  similar  bronchiectatic 
cavity,  Uned  with  squamous  epithelium,  was  found  in  a  rat  killed 
three  days  after  infection  would  make  it  improbable  that  the  lesion 
is  associated  with  the  disease. 

The  heart  muscle  was  sometimes  pale,  and  in  one  spontaneously 
infected  rat  showed  macroscopically  visible  opaque,  greyish  areas 
in  the  left  ventricle.  The  blood  was  often  strikingly  thin,  and 
sometimes  of  a  distinct  brownish  tinge. 

SwelHng  of  the  cervical  and  mediastinal  lymph-nodes  was  quite 

■  op.  cit. 
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regularly  found.  No  gross  changes  were  observed  in  the  kidneys, 
pancreas,  testes,  adrenals,  or  brain.  The  thymus  was  usually 
atrophied  and  the  interlobular  septa  edematous. 

3.    HiSTOLOGic.\L  Lesions. 

Liver. — In  both  spontaneously  and  experimentally  diseased 
rats  the  Uver  was  the  seat  of  numerous  focal  necroses.  These 
were  present  in  all  the  cases  examined,  with  the  exception  of  three 
rats  killed  on  the  day  following  subcutaneous  inoculation.  The 
smallest  and  earliest  lesions  (30  hours  after  injection)  appeared  as 
agglomerations  of  distorted  nuclei,  lying  in  a  fibrinous  meshwork  in 
which  were  entangled  a  few  red  blood  cells.  In  the  older  lesions, 
the  nuclear  constituents  gradually  disappear;  there  remains  a 
sharply  outhned,  roughly  circular  area,  almost  devoid  of  cells, 
staining  intensely  with  eosin,  and  showing  a  swollen  nodular  frame- 
work of  fibrin.  In  places  the  interlacing  nodular  strands  of  fibrin 
appear  to  fuse  into  hyahne  masses.  The  fibrinous  material  stains 
orange  red  with  Mallory's  connective  tissue  stain,  and  bluish  with 
Weigert's  fibrin  stain. 

The  necrotic  areas  are  at  once  made  e\'ident,  in  sections  stained 
with  Sudan  III,  by  the  abundant  accumulation  of  fat  drops.  These 
are  of  largest  size  and  most  numerous  at  the  margin  of  the  nec- 
roses. The  central  portion  may  contain  a  few  finely  divided  drop- 
lets, or  may  be  virtually  free  from  fat.  Here  and  there  are  small 
groups  of  liver  cells  laden  with  fat.  These  are  probably  at  the  edge 
of  necrotic  areas  which  did  not  appear  in  the  sections.  Fine  fat 
droplets  are  also  found  free  in  the  capillaries  and  within  the  Kupffer 
cells. 

Apart  from  the  necrotic  areas,  the  Hver  cells  show  no  degenera- 
tive changes.  In  some  of  the  rats,  notably  in  one  killed  24  hours 
after  subcutaneous  inoculation,  mitoses  are  very  nimierous,  but 
not  especially  so  about  the  necroses. 

Within  the  liver  capillaries,  are  found  in  great  number  abnormal 
cellular  elements  and  occasional  fibrin  thrombi.  The  cellular 
structures  are,  for  the  most  part,  large  mononuclear  cells  with  baso- 
philic cytoplasm,  and  relatively  large,  kidney-shaped  nuclei.  The 
fewest  of  these  are  normal  and  the  greater  number  more  or  less 
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degenerated.  They  very  commonly  inclose  pyknotic  nuclear  par- 
ticles; sometimes  the  fairly  preserved  remnant  of  a  Ijonphocyte, 
sometimes  one  or  more  red  cells,  rarely  a  group  of  bacilli.  One  finds 
also  unphagocyted  chromatin  fragments  and  small  cells  with  ring- 
or  signet-shaped  nuclei,  obviously  lymphocytes  in  various  stages  of 
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Fig.  I. — Liver  of  Rai  Ci,  spontaneously  infected,  sliowing  necrotic  .ire.is  (a),  and  large  masses  of 
cells  in  a  sub-lobular  vein  (6). 


pyknosis.  In  some  of  the  sections,  cellular  elements  and  detritus  of 
this  sort  are  extremely  abundant,  and  appear  to  block  the  capillaries, 
especially  when  they  become  inclosed  in  a  fibrinous  matrix.  We 
shall  discuss  the  relation  of  these  cell  fragment  thrombi  to  the 
origin  of  the  necroses  farther  on. 
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The  beha\'ior  of  the  Kupffer  cells  was  somewhat  variable.  In 
some  of  the  rats  they  were  swollen  and  vacuolated,  sometimes 
exfoliated,  and  frequently  contained  inclusions  of  nuclear  material 
or  erythrocytes.  In  other  rats  showing  equally  extensive  areas  of 
necrosis,  the  Kupffer  cells  showed  little  or  no  change.  In  one 
infected  rat  which  was  vitally  stained  with  Trj^anblau  verj-  few 
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Fig.  2. — Early  cell  fragment  thrombus  in  liver.     At  (a)  mononuclear  phagocyte  enclosing  bacilli; 
h)  degenerating  mononuclear  cells;    (c)  fibrin  net. 


of  the  cells  l>ing  free  in  the  capillary  lumina  contained  blue  granulae. 
There  was  no  noticeable  accumulation  of  the  stained  cells  about  the 
necroses  or  within  them.  Those  endothehal  cells  which  lay  within 
the  necrotic  areas  were  obviously  degenerated.  The  blue-staining 
material  was  in  the  form  of  large  climips  instead  of  granulae  of 
fairly  uniform  size.  So  far  as  one  can  judge  from  this  single 
experiment,  it  would  seem  that  the  Kupffer  cells  are  apparently  not 
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the  chief  source  of  the  foreign  cellular  elements  and  cell  detritus 
in  the  capillaries. 

All  the  different  forms  of  cell  fragments,  phagocytes,  and  intact 
mononuclear  cells  are  found  in  the  portal  vein,  and  at  times  in 
the  efferent  veins  of  the  lobules.     They  occur  singly  or  in  large 


Fig.  3. — Spleen  of  Rat  B-2-x,  experimentally  infected.  Section  includes  edge  of  foUicle.  Note 
fragmentation  of  nuclei,  especially  in  pulp,  and  abundant  exudation  of  fibrin. 

clumps,  in  which  the  cellular  constituents  are  imbedded  in  a  fibrin- 
ous matrix. 

Spleen. — In  this  organ,  the  lesions  are  locahzed  in  the  early 
stages,  more  diffuse  in  animals  which  survive  the  infection  for  a 
longer  period.  The  essential,  and  probably  the  primary  change 
appears  to  be  an  intense  destruction  of  the  lymphoid  cells  both  with- 
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in  and  without  the  follicles.  Throughout  the  pulp,  one  finds  small 
mononuclear  cells  in  all  stages  of  disintegration,  as  evidenced  by  the 
abundance  of  fragmented  chromatin.  Much  of  this  nuclear  de- 
tritus is  within  macrophages,  which  in  turn  undergo  degeneration. 
The  necrosis  of  the  pulp  cells  is  accompanied  by  a  great  outpouring 
of  fibrin,  forming  a  nodular  network  about  the  degenerating  cells. 
The  filaments  of  fibrin  appear  to  use  the  fibrous  reticulimi  as  a 
support.  There  is  often  distinct  hemorrhage,  but  rarely  excessive 
pigment.  The  follicles  show  invariably  a  more  or  less  marked 
pyknosis  of  the  small  lymphoid  cells.  This  is  accompanied  in  the 
earlier  stages  by  an  excessive  formation  of  large  mononuclear  cells. 
The  number  of  mitoses  among  these  may  be  extraordinary.  Phago- 
cytosis of  chromatin  fragments  by  the  larger  cells  of  the  folhcles 
is  of  course  regularly  seen.  No  fibrin  could  be  demonstrated  within 
the  follicles. 

Bacilli  are  found  in  small  groups  or  in  larger  climips  both  within 
and  without  the  sinuses.  In  spontaneously  infected  rats,  or  in 
those  infected  by  feeding,  very  few  bacteria  may  be  present.  The 
sinuses  are  crowded  with  red  cells,  but  they  may  contain  impacted 
masses  of  mononuclear  cells  or  cell-debris,  about  which  there  may  be 
formed  a  definite  fibrin  thrombus.  Masses  of  cells  are  also  com- 
monly found  in  the  splenic  veins.  Among  these  are  cells  which 
may  undergo  mitotic  division  in  the  blood  stream.  Such  cells 
were  also  found  several  times  in  smears  made  directly  from  the 
splenic  blood,  in  which  one  finds  also  numbers  of  nuclear  fragments 
and  phagocytes  enclosing  red  cells  and  chromatin  particles. 

Kidneys. — In  animals  experimentally  infected  with  subcu- 
taneous or  intraperitoneal  injections,  it  is  usual  to  find  hyaline 
thrombi  in  the  glomerular  capillaries.  Every  tuft  may  show  a  more 
or  less  complete  blocking.  The  appearance  is  especially  striking  in 
sections  stained  with  Alallory's  aniUn  blue,  the  hyahne  material 
taking  a  reddish-orange  color  in  contrast  to  the  yellow  of  the  red 
blood  cells.  Similar  thrombi  may  be  found  in  the  capillaries  of  the 
medulla  and  pyramids. 

Bacterial  emboli  in  the  glomerular  loops  and  in  the  capillaries 
between  the  tubules  were  seen  in  two  rats  inoculated  intraperi- 
toneally,  but  were  not  regularly  present. 
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Myocardium. — Lesions  in  the  mj-ocardium  were  found  both  in 
the  spontaneously  and  experimentally  infected  rats,  tho  not  in  all 
cases.  The  changes  were  in  the  nature  of  an  acute  interstitial 
inflammation,  and  occurred  by  preference  in  the  superficial  strata 
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Fig,  4. — Myocardium  of  left  ventricle,  showing  acute  interstitial  inOammation  in  spontaneously 
infected  rat. 

of  fibers,  more  especially  in  the  left  ventricle.  Rat  A  (spontane- 
ously infected)  showed  extremely  marked  lesions  (Fig,  4).  The 
fibers  were  forced  apart  by  a  cellular  exudate  and  fibrin.  Most  of 
the  inflammatory  cells  are  fragmented  beyond  recognition,  but  at 
the  margin  of  the  lesion,  it  can  be  seen  that  there  is  swelling  and 
degeneration  of  the  fixed  connective  tissue  cells,  as  well  as  a  moder- 
ate  infiltration   of   lymphoid    and    polymorphonuclear   elements. 
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The  muscle  fibers  show  various  degrees  of  degeneration  up  to 
complete  necrosis.  In  some  areas,  the  libers  have  disappeared  com- 
pletely, leaving  only  an  irregular  eosin-staining  material,  in  which 
are  found  swollen,  distorted  nuclei  and  chromatin  fragments. 
BacilU  occurring  singly  and  in  clumps  are  found  without  difficulty 
between  the  muscle  fibers. 

Lungs. — The  septa  appear  relatively  stout  and  more  cellular 
than  those  of  normal  lungs.  This  is  due  to  the  stuffing  of  the 
capillaries  with  large  mononuclear  cells  similar  to  those  found  in 
the  hver.  Many  of  the  larger  pulmonary  arteries  contain  groups 
or  larger  masses  of  these  cells.  Pneumonic  lesions,  aside  from  these 
interstitial  changes,  were  not  found,  and  the  bronchi  were  free 
from  exudate.  The  one  exception  (Rat  Dix)  has  already  been 
described. 

Stomach  and  intestines. — The  only  lesions  found  in  the  stomach 
were  occasional  small  hemorrhages  into  the  mucosa.  The  intestinal 
lesions,  on  the  whole,  were  not  striking,  and  in  some  of  the  rats 
no  definite  alterations  were  found.  In  others  there  was  moderate 
fragmentation  of  the  lymphoid  cells,  with  phagocytosis  by  the 
swollen  reticular  elements.  The  overlying  mucosa  was  usually 
intact,  but  not  infrequently  the  viUi  were  edematous,  and  there 
were  more  or  less  extensive  hemorrhages;  this  had  led  in  one  case 
to  a  separation  and  desquamation  of  the  epithehal  covering;  aside 
from  this  purely  mechanical  loss  of  substance,  no  ulcers  were 
found  in  any  of  the  rats  examined. 

Lymph-nodes. — Serial  sections  of  the  neck  organs  were  made 
from  a  number  of  the  spontaneously  infected  rats  for  another 
purpose.  In  all  the  cases  it  was  found  that  the  cervical  lymph- 
nodes  were  greatly  enlarged  and  the  seat  of  extensive  necroses 
similar  to  those  described  in  the  spleen.  Altho  the  thymus  exhibited 
advanced  involutional  changes  such  as  are  found  in  all  infectious 
diseases  accompanied  by  wasting,  in  no  case  did  it  contain  areas  of 
necrosis,  even  when  all  the  surrounding  IjTnphoid  tissue,  including 
that  which  abundantly  envelops  the  primary  bronchi,  was  exten- 
sively affected.  The  mesenteric  lymph-nodes  showed  shght  in- 
volvement in  some  rats;  in  others,  no  changes  were  present. 

The  marrow  of  the  long  bones  contained  more  or  less  extensive 
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areas  of  necrosis  (Fig.  5)  distributed  tiiroughout  the  shaft. 
Necroses  were  also  found  in  the  bones  of  the  jaw  and  clavicle. 
There  seemed  in  some  cases  to  be  an  increased  number  of 
megakaryocytes    present,    and     in     smears    from     the    marrow 
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Fig.  5. — Section  through  shaft  of  femur  showing  extensive  necroses  in  marrow  of  Ral  D-4-x,  spon- 
taneously infected. 

stained  with  Giemsa  one  of  these  cells  containing  plural  mitoses 
was  seen. 

No  lesions  were  found  in  the  thyroid,  parathyroid,  pancreas, 
or  testes.  The  adrenals  showed  no  loss  of  chromaffinity  and  were 
normal  in  other  respects.  The  central  nervous  system,  which 
showed  no  gross  changes,  was  not  stuchcd  microscopically. 
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Protocols. 

Rat  C-i. — This  was  one  of  a  litter  which  had  been  operated  upon  when  14  days 
old.  The  animal  gained  normally  until  it  became  ill,  when  the  weight  dropped  from 
98  gm.  to  77.5  gm.  The  rat  became  emaciated  and  refused  food,  and  the  eyes  were 
closed  with  secretion.     It  was  killed  by  chloroform. 

Autopsy:  No  intestinal  lesions  were  noted.  The  spleen  was  enlarged  and  showed 
prominent  follicles.  The  liver  was  large  and  pale.  No  other  gross  changes  were 
observed. 

HISTOLOGICAL  EX.\.\IIN.ATION. 

Liver;  \'ery  numerous  areas  of  necrosis,  for  the  most  pare  discrete,  but  in  places 
confluent.  The  lix-er  cells  at  the  margin  of  these  finely  vacuolated.  The  necrotic 
areas  are  almost  devoid  of  cells,  being  composed  of  a  coarse  fibrinous  reticulum,  in 
which  are  a  few  lobulated  nuclei.  In  .^ome  places,  small  accumulations  of  leukocytes, 
chiefly  polymorphonuclear.  Dense  aggregations  of  cells  in  the  portal  spaces,  most  of 
them  Ijmphoid  and  plasma  cells.  These  often  extend  in  streaks  along  the  interlobular 
bile-ducts  and  vessels.  The  liver  capillaries  are  narrowed  apparently  by  the  swelling 
of  the  liver  cells.  They  contain  degenerated  cells  which  in  a  few  places  form  definite 
plugs. 

Spleen;  With  the  low  power,  one  sees  numerous  scattered,  rather  ill-defined  areas, 
less  ceUidar  than  the  surrounding  pulp,  composed  of  a  hyaline  or  granular  eosin-stain- 
ing  material  deposited  in  the  reticulum  about  the  splenic  sinuses.  The  cells  which  are 
included  in  these  regions  are  pyknotic  and  fragmented.  In  places,  distinct  hyaline 
thrombi  occupy  the  sinuses  in  the  center  of  these  rarefied  areas.  About  such 
thrombosed  sinuses  there  are  often  irregular  hemorrhages.  The  malphigian  follicles 
show  slight  changes,  but  phagocytosis  of  fragmented  nuclei  is  occasionally  seen. 
Mitoses  are  not  numerous.     A  few  megakaryocytes  are  scattered  through  the  pulp. 

Adrenals:  Normal.  The  chromafliin  staining  is  marked. 

Kidney:    Normal. 

Lungs;  The  alveolar  wails  thickened  showing  nodular  areas  of  necrosis.  Many 
of  the  smaller  arteries  packed  with  masses  of  mononuclear  cells. 

Rat  C-2. — -Thymectomy  at  14  days.  Recovered  from  operation,  and  gained 
steadily  in  weight  until  24  days  before  death.  The  weight  then  remained  stationary 
for  ro  days,  but  fell  from  59  gm.  to  43 . 5  gm.  during  the  last  two  weeks  of  life.  The 
animal  was  found  dead  and  partially  eaten  by  the  other  rats  of  the  litter. 

Autopsy:  No  gross  lesions  were  noted,  aside  from  the  e.xtreme  emaciation.  The 
spleen  measured  only  25  mm.  in  length. 

HISTOLOGICAL   EXAMINATION. 

Liver:  Necroses,  very  abundant  and  some  of  them  of  large  size,  are  composed 
of  a  swollen  hyaline  fibrinous  reticulum  inclosing  a  sparse  number  of  fragmented  or 
distorted  nuclei  and  a  few  red  blood  cells.  The  liver  capillaries,  which  are  narrow, 
contain  many  small  chromatin  fragments,  but  no  very  definite  thrombi,  nor  are  larger 
masses  of  cells  found  in  the  portal  veins.  The  intact  liver  cells  often  show  large, 
hyperchromatic  nuclei. 

Spleen:  Very  markedly  altered,  the  follicles  small  and  very  irregular.  The  small 
cells  of  the  follicles  are  in  all  stages  of  pyknotic  degeneration.  Many  large  phagocytes 
filled  with  nuclear  fragments.     The  pulp  shows  a  striking  paucity  of  cells  as  compared 
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with  the  normal.  Between  the  compressed,  and  in  places,  obliterated  sinuses,  there  is 
a  large  amount  of  a  granular  fibrinous  material,  imbedded  in  which  are  nuclear  frag- 
ments and  red  blood  cells.  The  endothelium  of  the  sinuses  is  well  presen-ed,  but  the 
cellular  constituents  of  the  pulp  are  largely  disintegrated.  Some  of  the  larger  sinuses 
contain  hyaline  thrombi,  others  are  filled  with  loose  masses  of  degenerating  cells. 

.'\drenals:  Almost  complete  loss  of  chromaihn  staining,  possibly  the  eflect  of 
postmortem  change.     The  corte.x  is  not  altered. 

Myocardium:  In  the  wall  of  the  left  ventricle  several  small  localized  areas  of 
hyaline  or  waxy  degeneration  of  the  muscle  fibers,  and  about  these,  shght  cellular 
infiltration.  ' 

Lungs:   No  noteworthy  changes. 

Cervical  lymph-nodes:  Numerous  areas  of  necrosis,  located  chiefly  in  the  lymph- 
cords. 

In  this  animal,  the  disease  was  apparently  of  long  standing,  and  had  led  to  extreme 
destruction  of  the  cellular  elements  of  the  spleen,  and  to  very  extensive  necroses  in  the 
liver.  There  was,  however,  no  attempt  at  heahng  or  encapsulation,  and  the  lesions 
may  be  considered  as  progressive.  An  exceptional  feature  in  this  rat  is  the  smaU  size 
of  the  spleen,  due  possibly  to  the  advanced  destruction  of  the  cellular  constituents, 
or  to  a  secondary  contraction  of  the  necrotic  areas,  such  as  occurs  in  an  anemic  infarct. 

The  third  rat  of  this  fitter  illustrates  the  more  acute  lesions. 

Rat  C-f. — A  control  rat,  unoperated,  which  gained  weight  progressively  until 
killed,  showing  no  abnormal  symptoms. 

.\utopsy:  Weight  70.5  gm.  The  organs  appeared  normal  with  the  exception  of 
the  spleen,  which  measured  35  mm.  in  length.     The  follicles  were  verj'  conspicuous. 

HISTOLOGICAL  EXAMINATION. 

Liver:  .\  few  typical  early  necroses,  some  of  which  are  the  seat  of  marked  leuko- 
cytic infiltration.  Definite  hyaline  plugs  are  found  in  some  of  the  necrotic  foci. 
The  small  sub-lobular  veins  are  surrounded  by  a  mantle  of  lymphoid  and  plasma  cells. 
SwelUng  and  some  vacuolization  of  the  liver  cells.  The  capillaries  are  narrow  and 
contain  moderate  numbers  of  small  cells,  but  no  larger  masses  of  cell  fragments,  or 
phagocytes. 

Spleen:  The  pulp  intensely  congested,  and  in  places,  hemorrhagic.  K  few  small 
areas  of  necrosis,  with  fragmentation  of  the  nuclei.  The  follicles  are  large,  the  folUcle 
cells  well-preserved.     Numerous  megakaryocytes  are  present. 

.\drenals:  Intense  chromaffin  staining. 

Thymus:   Normal. 

Kal  E-6. — Unoperated  control,  aged  2  months  and  6  days.  Duration  of  disease 
as  estimated  from  beginning  loss  of  weight  was  g  days,  during  which  period  the  weight 
fell  from  65.5  gm.  to  5g  gm.  The  rat  was  chloroformed,  having  shown  the  usual 
symptoms. 

Autopsy:  Emaciated.  No  peritoneal  changes.  Spleen  much  enlarged  (36  mm.), 
with  conspicuous  folUcles.  Liver  shows  nothing  abnormal.  Adrenals,  kidneys,  lungs, 
intestines  free  from  gross  changes. 

HISTOLOGICAL  EXAMIN.WION. 

Liver:  Sharply  circumscribed,  very  numerous  necroses,  some  of  large  size,  com- 
posed of  a  coarse  fibrinous  meshwork  with  occasional  red  blood  cells,  and  degenerating 
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cells  and  nuclear  fragments.  Such  cells  are  also  found  free  in  the  capillaries,  singly 
or  massed  into  clumps  and  enveloped  in  a  delicate  fibrinous  mesh.  The  Kupffer  cells 
in  places  are  swollen  and  contain  ingested  red  blood  cells  and  chromatin  particles. 
Aggregations  of  large  cells  in  the  portal  veins  and  often  in  the  lymph-spaces  of  Glissons 
capsule. 

Spleen:  The  section  shows  numerous  scattered  areas  of  necrosis,  consisting  of  a 
fibrin  meshwork  inclosing  distorted,  pale,  epithelioid  nuclei,  erythrocytes,  and  small 
particles  of  fragmented  nuclear  material.  Elsewhere  the  sinuses  are  congested  and 
frequently  contain  masses  of  large  mononuclear  cells,  few  pol\Tnorphonuclear  leuko- 
cytes, and  other  cell  fragments  whose  origin  it  is  impossible  to  determine.  Definite 
thrombus  formation  is  not  noted.  Mitoses  numerous,  both  within  the  follicles  and  in 
the  reticulum.     .\  great  many  megakaryocytes. 

Lungs:  Throughout  the  section,  irregular,  somewhat  nodular  areas  of  consolida- 
tion, not  of  the  tj-pe  of  a  lobular  pneumonia,  but  consisting  of  cellular  infiltrations  or 
prohferations  of  the  alveolar  wall,  without  exudation  into  the  alveoli.  In  the  center 
of  such  an  area,  there  may  often  be  found  a  small  pulmonary  artery  packed  with  cells 
which  are  of  the  same  kind  as  those  seen  in  the  liver  capillaries.  Large  mononuclear 
cells  predominate.  They  are  often  vacuolated,  and  frequently  inclose  erjlhrocytes 
or  pyknotic  nuclear  fragments.  The  consoUdated  areas  are  thus  rather  definitely 
distributed  about  the  smaller  arterial  branches,  and  not  the  bronchi  which  are  free 
from  exudate  and  otherwise  quite  normal.  The  capillaries  in  these  areas  are  not 
infrequently  found  plugged  by  fibrin  masses  inclosing  nuclear  fragments. 

Myocardium:  Most  e.xtensive  changes  (Fig.  4).  The  fibers  are  widely  separated, 
there  having  been  evidently  an  e.ttreme  edema  of  the  interstitial  tissue.  The  muscle 
fibers  are  thin,  and  very  refractile  and  waxy  in  appearance,  with  complete  loss  of  the 
transverse  striations,  and  only  a  suggestion  here  and  there  of  the  longitudinal  fibrils. 
The  nuclei  are  for  the  most  part  still  fairly  well  preserved,  a  few  only  being  pyknotic. 
Between  the  fibers  are  accumulations  of  wandering  cells,  the  majority  of  the  mono- 
nuclear variety.  In  places,  and  especially  beneath  the  endocardium,  they  form  dense 
clusters.  There  appears  to  be  also  a  proliferation  of  the  fixed  connective  tissue  cells; 
altho  no  mitoses  are  foimd,  many  of  the  cells  between  the  degenerated  fibers  are  of  the 
fibro-blastic  type.  These  myocardial  changes  are  not  uniformly  present  throughout 
the  heart,  but  affect  particularly  the  wall  of  the  left  ventricle  and  the  papillary  muscles. 

Organs  of  the  neck:  These  were  cut  in  series  of  10  microns.  The  th\-mus  was  the 
seat  of  marked  involutional  changes.  Differentiation  between  cortex  and  medulla  was 
lost.  The  lobules  were  separated  by  edematous  tissue  in  which  were  man\-  mast- 
cells.  The  mediastinal  and  cer\-ical  lymph-nodes  were  enlarged  and  contained  many 
areas  of  focal  necrosis.  The  thymus,  on  the  other  hand,  was  entirely  free  from  necroses. 
The  thjToid  and  parathyroids  were  normal.     The  saUvary  gland  was  normal. 

Bone-marrow  (femur):  Scattered  areas  of  focal  necrosis,  distributed  throughout 
the  shaft  and  present  also  in  the  lower  epiphysis.  Megakaryocytes  appear  to  be 
present  in  increased  numbers. 

In  all,  10  spontaneously  infected  rats  were  examined  and  a  fairly 
complete  microscopic  study  made.  From  the  last  rat  examined, 
and  from  several  other  rats  infected  at  about  the  same  time,  the 
bacillus  which  has  been  described  above  was  isolated,  and  a  further 
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study  made  of  the  lesions  produced  by  experimental  infection 
with  pure  cultures  of  the  organism.  As  has  been  stated,  it  has 
been  found  to  be  easy  to  produce  the  disease,  either  by  feeding  or 
by  subcutaneous  or  intraperitoneal  inoculation.  The  resulting 
lesions  were  in  all  respects  similar  to  those  described  in  the  spon- 
taneously infected  rats;  the  differences  found  in  rats  infected  by 
different  routes  appeared  to  depend  uiDon  the  duration  of  the  illness 
rather  than  the  mode  of  infection. 

The  following  protocols  of  experimentally  infected  rats  illustrate  tlie  similarity 
between  the  naturally  and  artificially  produced  disease: 

Rat  B-i-x. — Inoculated  intraperitoneally  with  0.5  c.c.  of  a  saline  suspension  of  a 
24-hour  agar  culture.     Found  dead  48  hours  later.     No  putrefactive  changes. 

Autopsy:  Negative  save  for  sUght  sweUing  of  spleen.  Cultures  from  peritoneal 
cavity,  heart  blood,  spleen,  and  liver,  positive. 

HISTOLOGICAL   EX.AMINATION. 

Liver:  Many  small  areas  of  necrosis,  scattered  through  the  different  portions  of 
the  lobules.  The  smallest,  and  presumably  the  earUest  of  these,  appear  as  irregular 
plugs  of  coarse  fibrin  distending  the  capillary  lumen  and  inclosing  numerous  unaltered 
red  blood  cells  and  a  few  nuclear  fragments.  In  the  capillaries  are  many  mono- 
nuclear cells,  with  inclusions  of  masses  of  chromatin  and  red  cells  (Fig.  2).  The 
Kuplier  cells,  swollen  and  vacuolated,  also  contain  ingested  nuclear  particles  and 
erythrocytes.  The  origin  of  most  of  these  phagocytic  cells,  which  are  in  all  stages  of 
disintegration,  is  impossible  to  determine.  It  is  ob\'ious  that  about  these  masses  of 
cell  detritus  fibrin  thrombi  are  formed  in  the  sinusoids,  and  that  these  cell-fragment 
thrombi  antedate  the  destruction  of  the  liver  cells.  Thus  one  finds  occlusion  of  the 
capillaries  without  noticeable  alteration  of  the  adjacent  liver  cells.  With  the  stoppage 
of  a  larger  capillary  area,  the  li\'er  cells  about  the  thrombosed  area  become  \'acuolated 
their  cell  outline  indistinct,  their  nuclei  shrunken  and  irregular  in  outline;  the  nucleolus 
disappears,  and  the  chromatin  lies  against  the  nuclear  membrane  or  is  extruded  into 
the  cytoplasm.  With  the  complete  breaking-down  of  the  liver  cells,  they  become  incor- 
porated into  the  thrombotic  area. 

Many  large  mononuclear  cells,  most  of  them  showing  karyolytic  changes,  are 
present  both  in  the  portal  and  in  the  efferent  veins.  Many  of  the  individual  cells 
are  phagocytic. 

Bacilli  are  found  in  clumps  in  the  capillaries,  but  in  no  particular  relation  to  the 
necroses. 

Spleen:  The  follicles  irregular,  but  large  and  rclatixely  well  preserved.  The 
most  striking  alteration  is  in  the  pulp,  which  even  with  the  low  power  shows  an  extraor- 
dinary fragmentation  of  the  nuclei  (Fig.  3).  The  meshes  of  the  reticulum  are  thickly 
crowded  with  nuclear  particles  of  aU  sizes  and  shapes  between  which  there  is  hemor- 
rhage and  fibrin  formation.  The  picture  is  complicated,  but  it  is  evident  that  there 
has  been  an  extreme  destruction  of  the  IjTnphoid  cells,  both  within  the  foUicles  and 
in  the  reticulum.  Coincidently  there  is  taking  place  a  proUferation  of  large  mono- 
nuclear cells,  with  lobate  or  oval  nuclei  and  basophilic  cytoplasm.     The  follicles  con- 


2o6     Alwin  M.  Pappenheimer  and  Hassow  von  Wedel 

tain  many  healthy-appearing  cells  of  this  type,  and  many  of  them  are  in  mitosis.  They 
become  phagocytic  for  the  pyknotic,  small  lymphoid  cells  and  after  becoming  loaded 
with  ingested  nuclear  material,  in  turn  degenerate.  The  larger  sinuses  and  veins  con- 
tain many  of  these  cells  and  some  of  tliem  appear  to  undergo  mitosis  in  the  circulating 
blood.  Some  of  the  sinuses  are  plugged  with  cell-fragment  thrombi,  but  the  majority 
are  filled  xvith  well-preserved  red  blood  cells.  The  endothelium  of  the  sinuses  preserves 
its  normal  character,  shows  no  mitoses,  and  contains  no  phagocytic  inclusions.  No 
pictures  are  found  suggesting  a  differentiation  of  the  sinus  endothelium  into  the  large 
basophilic  mononuclear  type  of  cell. 

Large  colonies  of  bacilli  are  scattered  irregularly  through  the  splenic  pulp.  No 
megakaryocytes  are  seen  in  the  sections. 

Kidneys:  HyaUne  thrombi  present  in  the  glomerular  capillaries,  forming  more  or 
less  complete  casts  of  the  tufts.  They  stain  intensely  with  Weigert's  fibrin  stain. 
The  blocking  of  the  blood-channel  is  not  always  complete,  the  hyaline  or  fibrinous 
material  being  sometimes  deposited  along  one  side  of  the  capillary  wall.  The 
epithelium  of  the  tuft  and  of  Bowman's  capsule  unaltered.  Occasional  hyaline 
thrombi  also  found  in  the  capillaries  between  the  collecting  tubules.  The  thrombus 
may  extend  for  a  distance  either  into  efferent  or  afferent  vessel  or  both. 

Adrenals:   Normal  in  all  respects. 

Intestines:  .\  few  hemorrhages  into  the  mucosa.  The  sections  do  not  pass  through 
the  Peyer's  plaques.     The  serosa  is  free  from  inflammatory  change. 

Stomach  and  duodenum:   Normal. 

Pancreas:   Normal. 

Mesenteric  lymph-nodes:  There  is  a  slight  hemorrhage  near  the  surface  of  the 
gland,  but  no  necrosis.     The  changes  are  insignificant. 

Lungs:  By  oversight,  not  e.xamined.  Section  of  lung  from  Rat  B-2-.v  inoculated 
at  same  time  and  showing  similar  lesions  in  other  viscera,  may  be  taken  for  description. 
The  capillaries  are  crowded  with  degenerating  cells  of  the  same  character  as  those  seen 
in  the  liver  capillaries.  Large  mononuclear  cells  often  enclosed  in  a  dehcate  fibrin 
network,  are  also  present  in  numbers  in  the  smaller  pulmonary  arteries,  but  are  rarely 
found  in  the  veins.     Bronchi  and  alveoli  are  normal. 

Myocardium:  The  superficial  layer  of  ventricular  muscle  is  edematous.  The 
fibers  are  separated  by  a  fibrinous  coagulum.  There  are  bacterial  emboh  in  the 
capillaries. 

The  following  protocol  describes  the  lesions  in  a  rat  infected  by  feeding. 

Rat  D-i-x. — Fed  with  cubes  of  bread  soaked  in  saline  suspension  of  24-hour  agar 
slant.  No  food  given  on  following  day.  The  rat  showed  the  usual  symptoms  and  died 
nine  days  after  infection.     On  ice,  six  hours  before  autopsy. 

Autopsy:  Marked  emaciation.  Hj-peremia  of  intestine  without  marked  sweUing 
of  Peyer's  plaques.  Spleen  much  enlarged,  hver  moderately.  Lungs  and  heart  show 
no  gross  changes. 

HISTOLOGICAL  EXAMINATION. 

Liver:  Necrotic  areas  of  considerable  size  present  in  great  numbers,  irregularly 
disposed  in  various  portions  of  the  liver  lobules.  In  these  areas,  the  architecture  of 
the  Uver  is  destroyed ;  one  sees  merely  a  very  coarse  nodular  network  of  fibrin  in  which 
lie  a  few  distorted  nuclei  and  nuclear  fragments.  Some  of  these  appear  to  have  been 
derived  from  the  pre-e.xisting  endothelial  cells;  others  are  small  and  round  and  resemble 
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pyknotic  lymphocytes.  The  liver  cells  immediately  abutting  on  the  necrotic  areas 
sometimes  show  nuclear  degeneration,  but  on  the  Whole,  the  transition  to  normal  tissue 
is  very  abrupt.  Apart  from  the  necrotic  areas,  one  finds  as  in  Rat  Bi.v,  distended 
capillaries  filled  with  broken-down  cellular  detritus,  enmeshed  in  fibrin,  and  about 
these,  changes  in  the  liver  cells  of  varying  degree  up  to  complete  necrosis.  Very  strik- 
ing are  the  large  masses  of  cellular  detritus  in  the  larger  efferent  veins. 

In  sections  deeply  stained  with  polychrome  methylene  blue,  very  few  bacilli  are 
found,  and  these  scattered  irregularly  through  the  capillaries.  They  are  often  inclosed 
within  phagocytes  and  degenerated.     Larger  bacterial  colonies  are  not  seen. 

Spleen:  The  lesions  are  less  marked  than  in  many  other  rats  examined.  The 
follicles  are  small  and  indistinctly  outlined.  Fragmentation  of  the  lymphoid  cells  and 
phagocytosis  are  not  e.xtreme.  The  changes  are  more  pronounced  in  the  reticulum. 
The  sinuses  which  are  distinct  and  well  filled  with  red  blood  cells  are  widely  separated 
by  a  fibrinous  material,  containing  distorted  nuclei,  in  different  stages  of  disintegration. 
Some  of  the  larger  sinuses,  but  especially  the  larger  splenic  vein^  are  filled  with  masses 
of  cells  embedded  in  a  pink-staining  matri.x. 

Kidneys  and  adrenals:  No  marked  change.     No  fibrin  thrombi  in  the  glomeruli. 

Lungs:  Lesions  are  practically  identical  with  those  found  in  Rat  B2.r. 

Stomach:  Localized  areas  of  intense  hj-peremia  in  the  superficial  layers  of  mucosa, 
and  red  cells  are  found  in  numbers  in  the  stomach  contents. 

Intestines:  No  changes  are  found  in  the  mucosa  of  the  small  or  large  intestine. 
The  Peyer's  patches  are  not  included  in  the  sections. 

Mesenteric  lymph-nodes:  Quite  numerous  areas  of  partial  necrosis,  in  which 
the  lymphoid  cells  are  replaced  by  large  cells  with  vesicular  lobate  nuclei,  often  con- 
taining pyknotic  nuclear  particles  in  their  cytoplasm. 

Mj'ocardium:   Normal. 

la  all,  22  rats  were  inoculated,  and  a  histological  study  made  of 
the  lesions.  The  above  protocols  are  selected  as  typical  of  the 
early  and  late  stages  of  experimental  infection.  They  do  not, 
however,  include  a  description  of  the  changes  in  the  Peyer's  plaques, 
a  brief  record  of  which  may  be  taken  from  the  protocols  of  other 
infected  rats. 

Rill  M-s-i. — -Subcutaneous  injection.  Killed  after  47  hours.  Very  early  lesions 
in  spleen  and  liver. 

Stomach :   Normal. 

Small  intestine:  The  epitheUum  is  intact.  Among  the  lymphoid  cells  of  the 
Peyer's  plaques  are  very  numerous  cells  of  large  size,  with  vesicidar,  slightly  irregular 
or  lobulated  nucleus.  These  cells  are  in  active  proliferation:  mitotic  figures  extremely 
abundant.     The  small  cells  well  preserved.     Only  a  few  pyknotic  nuclei. 

The  only  abnormaUty  noted  in  these  sections  is  the  very  active  proliferation  of 
large  mononuclear  cells,  unaccompanied  by  marked  destruction  of  the  lymphocj-tes, 
or  phagocytosis. 

Rat  M-5-2. — Subcutaneous  injection.  Killed  57  hours  after  inoculation.  T\pical 
marked  lesions  in  liver  and  spleen.  The  changes  in  the  small  intestine  are  similar  to 
the  above,  but  mitoses  among  the  large  cells  are  less  numerous. 
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Rill  M-12-4. — Splenectomy.  Subcutaneous  infection.  Killed  3  days  after 
inoculation.     Tj-pical  lesions  in  the  liver. 

Small  intestine:  The  changes  very  sUght,  and  of  the  same  character  as  in  Rats 
M-5-1  and  M-5-2.  Xo  necroses  or  hemorrhages.  The  mesenteric  lymph-nodes 
show  most  active  proliferation  of  large  mononuclear  cells.  The  sinus  endothelium 
is  readily  distinguished  from  these,  and  tho  there  is  slight  swelling  and  desquamation, 
no  active  proliferation  is  seen. 

Rat  M-I2-S. — ^Subcutaneous  inoculation.  Killed  after  3  days.  Typical  lesions 
in  spleen  and  liver. 

Intestines:  Peyer's  patches  large.  In  a  few  places,  pyknosis  of  lymphoid  cells, 
with  phagocytosis.  The  large  cells  show  numerous  mitoses.  The  overlying  epithelium 
is  unchanged.  In  some  sections,  however,  there  is  hemorrhage  into  the  mucosa, 
with  edema  as  shown  by  the  separation  of  cells  of  the  stroma  and  the  deposition  of 
granular  material.     No  inflammatory  reaction.     Sections  of  several  taenia  in  the  villi. 

The  above  brief  notes  will  suffice  to  show  the  insignificance  of 
the  intestinal  lesions.  Aside  from  moderate  fragmentation  of 
lymphoid  cells,  active  proliferation  of  mononuclear  elements 
apparently  derived  from  the  reticulum,  no  changes  of  note  were 
observed.  The  presence  of  parasites  in  the  intestinal  villi  in  Rat 
M-12-S  may  perhaps  explain  the  more  marked  hemorrhage  and 
edema  seen  in  this  case. 

Lesions  in  Mice. 

The  following  is  a  brief  abstract  of  the  changes  noted. 

Mouse  I. — Inoculated  intraperitoneally  with  0.3  c.c.  of  a  saline  suspension  of  a 
24-hour  agar  slant.     Found  dead  after  18  hours. 

Autopsy:  Spleen  enlarged.  Liver  pale.  Lungs  congested.  Many  bacilli  in 
heart  blood  and  peritoneal  exudate. 

HISTOLOGIC.VL  EXAMINATION. 

Liver:  Fibrinous  exudate  with  large  masses  of  bacUli  on  the  surface.  Capillaries 
contain  increased  numbers  of  lymphoc\-tes  with  occasional  pyknotic  nuclei.  No 
thrombus  formation.     A  few  colonies  of  bacilli  in  the  capillaries. 

Spleen:  Marked  degeneration  of  the  lymphoid  cells,  both  in  follicles  and  in  retic- 
ulum, with  extremely  active  phagocytosis.  There  are  also  extensive  hemorrhages 
into  the  splenic  pulp.  Many  pigment-containing  cells.  Many  megakaryocytes. 
No  definite  exudation  of  fibrin. 

Kidney:  Many  bacterial  emboli  in  the  glomeruli  and  elsewhere.  The  glomerular 
tufts  are  free  from  fibrinous  thrombi. 

Myocardium:    Bacterial  emboli  are  present  in  the  capillaries. 

Mouse  2. — Inoculated  with  0.3  c.c.  of  saline  suspension  subcutaneously.  Found 
dying  after  18  hours.     Killed  with  chloroform. 

Autopsy:  Spleen  enlarged  and  congested.  No  other  gross  lesions.  Many  bacilli 
in  smears  from  heart  blood. 
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HISTOLOGICAL   EXAMINATION. 

Liver :  Same  as  Mouse  i .     No  necroses  or  capillary  thrombi. 

Spleen:  Same  as  Mouse  i,  save  that  large  mononuclear  cells  in  mitosis  are  very 
numerous,  probably  because  of  fresh  preservation.     Many  megakaryocytes. 

Kidneys,  lungs,  and  myocardium  are  normal. 

In  both  mice,  death  occurred  apparently  without  the  development  of  marked 
lesions  comparable  to  those  seen  in  infected  rats.  .V  third  mouse,  inoculated  with 
killed  cultures,  exhibited  marked  lesions,  which  closely  resembled  those  in  infected 
rats. 

Mouse  J. — Inoculated  intraperitoneally  with  o  3  c.c.  of  culture  killed  by  heating. 
Found  dead  after  18  hours. 

Autopsy:  Spleen  markedly  enlarged.  Liver  soft  and  pale.  Other  viscera  show 
no  changes. 

HISTOLOGICAL   EXAMINATION. 

Liver:  The  capillaries  are  packed  with  chromatin  fragments  and  distorted  nuclei 
of  bizarre  shape.  In  many  places,  these  are  associated  with  the  formation  of  definite 
fibrin  thrombi.  Necroses  of  the  Uver  cells  are  seen  in  many  places,  but  the  appear- 
ance differs  somewhat  from  that  found  in  rats  in  the  preservation  of  the  alignment  of 
the  necrotic  cells.  Their  nuclei  at  first  become  pyknotic,  later  fragment  and  dis- 
appear; the  cells  become  smaller,  denser,  more  hyaline,  and  stain  intensely  with 
eosin.     The  necrotic  areas  are  not  very  circumscribed. 

Spleen:  Many  fairly  liniited  areas  of  necrosis  in  the  pulp,  in  which  there  is  extreme 
nuclear  fragmentation.     Hemorrhages  also. 

Limgs:    Marked  hyperemia.     Capillaries  stuffed  with  nuclear  fragments. 

Mediastinal  lymph-node :  Fragmentation  of  lymphocytes  and  phagocytosis  of  cell 
detritus  by  large  ceUs.     Exudation  of  coagulable  material  mto  the  lymph  sinuses. 

Myocardium:  Normal. 

No  feeding  experiments  were  performed  with  mice,  and  the 
intestines  were  not  examined. 

Lesions  in  Rabbits. 

As  was  stated  in  the  bacteriological  part  of  this  paper,  rabbits 
were  found  to  be  susceptible  to  intraperitoneal  and  intravenous 
inoculations  with  the  bacilli.  The  lesions  produced  resemble 
closely  the  lesions  observed  in  rats,  as  will  be  evident  from  the 
following  protocol. 

Rabbit  I. — Inoculated  intraperitoneally  with  i  c.c.  of  sahne  suspension  of  24-hour 
agar  slant.     Died  in  18  hours. 

Autopsy:  Mong  lymphatics  of  anterior  abdominal  wall,  several  small  cheesy 
abscesses.  No  free  fluid  in  peritoneal  cavity.  The  omentum  is  rolled  upon  itself  and 
dotted  with  opaque,  whitish  exudate.  The  serosa  is  not  greatly  congested.  There  is 
fibrino-purulent  exudate  of  a  cheesy  character  on  liver,  spleen,  and  intestinal  serosa. 
Liver  very  large,  dark,  with  distinct  lobules  ha\^ng  a  darker  center.  The  consistence 
is  friable.     No  macroscopic  necroses.     No  coccidiosis.     Spleen  moderately  enlarged, 


210     Alwin  M.  Pappenheimer  and  Hassow  von  Wedel 

dark,  firm.     Kidneys  very  soft,  friable,  and  swollen,  sprinkled  superficially  and  on 
section  with  blotchy  hemorrhages.     .Vdrenals:   medulla  hyperemic.     Pancreas  normal. 
Lungs:    small  pleural  and  parenchymal  hemorrhages.     Myocardium,  stomach,  and 
intestines  normal.     Mesenteric  lymph-nodes  not  enlarged  or  necrotic. 
Positive  cultures  obtained  from  peritoneal  cavity  and  heart  blood. 

HISTOLOGICAL  EX.4MIN.\TION. 

Liver:  The  liver  cords  are  narrow,  the  capillaries  wide,  and  filled  with  great 
numbers  of  cellular  fragments.  In  many  places  they  are  agglomerated  into  impacted 
masses  imbedded  in  fibrin,  which  is  readily  demonstrated  with  Weigert's  stain.  The 
appearance  is  identical  with  that  repeatedly  described  as  typical  of  the  Uvers  of  infected 
rats.  In  addition,  however,  there  are  larger  areas  which  have  rather  the  appearance 
of  irregular  infarcts.  The  liver  cells  still  maintain  their  columnar  alignment,  but  the 
individual  cells  are  homogeneous  and  stain  intensely  with  eosin.  The  nuclei  are  lost, 
and  the  cells  evidently  completely  necrotic.  The  blood  channels  in  these  areas  are 
not  occluded  with  thrombi,  but  in  some  places  are  plugged  with  masses  of  bacilli.  The 
entire  necrotic  portion  which  involves  several  lobules,  is  walled  off  by  a  zone  of  leuko- 
cytic infiltration.  In  the  absence  of  serial  sections,  it  was  not  determined  whether 
there  was  a  blocking  of  larger  vascular  channels. 

Spleen:  The  striking  feature  is  the  presence  of  dense  thrombi  composed  of  fibrin, 
red  blood  corpuscles,  and  nuclear  fragments  in  many  of  the  splenic  sinuses.  There  are 
areas  of  hemorrhage  in  the  pulp.  The  follicles  show  changes  which  are  the  counter- 
part of  those  noted  in  rats. 

Lungs:  There  is  an  unorganized  fibrin  thrombus  in  one  of  the  larger  branches  of  the 
pulmonary  artery.  This  does  not  show  the  structure  of  a  typical  platelet  thrombus, 
but  appears  to  be  composed  of  irregular  laminae  of  fibrin,  and  contains  dense  aggre- 
gations of  chromatin  dust,  in  its  central  portion.  Similar  thrombi  are  present  in 
smaller  arterial  branches  near  the  surface  and  are  associated  with  hemorrhage  into  the 
alveoli.  The  capillaries  are  crowded  with  leukocytes,  among  them  many  polynuclears. 
There  is  no  exudate  into  alveoli  or  bronchi. 

Stomach:  Normal. 

Small  intestine :  Sections  include  a  Peyer's  plaque.  The  mucosa  is  unchanged. 
Rarefaction  of  the  centers  of  the  follicles  and  fragmentation  of  the  nuclei  of  the  lympho- 
cytes leading  to  their  complete  disappearance  in.  some  regions.  Their  place  is  taken 
by  large  mononuclear  cells,  also  in  various  stages  of  degeneration,  and  containing 
yellowish  pigment. 

Myocardium,  adrenals,  and  kidneys  show  no  changes. 


V.      GENERAL   CONCLUSIONS. 

The  disease,  as  exemplified  by  the  foregoing  description,  presents 
features  which  are  of  considerable  interest  to  the  pathologist. 
The  origin  of  the  necroses  in  spleen,  liv'er.  lymph-nodes,  and  bone- 
marrow,  which  constitute  the  most  striking  alterations,  demands 
explanation.  Mallory  and  Ordway  have  already  emphasized  the 
resemblance  of  this  rat  disease  to  hmnan  typhoid  in  the  character 
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of  the  lesions,  and  its  suitability  for  the  experimental  study  of  some 
of  the  disputed  points  in  the  pathology  of  typhoid  fever. 

Two  divergent  opinions  as  to  the  origin  of  the  liver  necroses 
in  human  typhoid  have  been  expressed.  It  has  been  held,  on  the 
one  hand,  that  the  lesions  are  the  direct  result  of  the  action  of 
bacterial  toxins  or  of  the  bacteria  themselves  upon  the  parench^Tnal 
cells.  Thus  Reed'  concludes,  from  a  study  of  human  lesions  and 
necroses  produced  by  the  injection  of  typhoid  bacilli  into  the 
mesenteric  veins  of  rabbits,  that  the  areas  of  necrosis  "owe  their 
origin  to  the  action  of  the  typhoid  bacillus,  altho  it  has  not  been 
possible  to  determine  definitely  in  what  way  this  cell  death  is  brought 
about,  that  is  to  say,  whether  it  is  due  to  the  immediate  presence 
of  the  bacilU  within  the  areas  of  necrosis,  or  is  caused  by  the  action 
of  the  so-called  toxalbumins  which  are  assumed  to  be  present  in 
the  general  circulation."  He  considers  the  latter  more  probable 
because  of  the  experiments  of  Welch  and  Flexner^  with  diphtheria 
toxin  and  of  Flexner^  with  minute  injections  of  ricin. 

The  alternative  view  is  that  of  Mallory,"*  who  holds  that  the 
liver  necroses  in  typhoid  fever  are  the  direct  result  of  the  embolic 
occlusion  of  liver  capillaries  by  impacted  masses  of  cells  and  cell- 
fragments,  largely  of  endothelial  origin  ("endothelial  leukocytes"), 
which  are  swept  into  the  portal  circulation  from  the  spleen, 
intestine,  and  mesenteric  lymph-nodes.  The  typhoid  toxin  acts 
primarily  as  a  direct  stimulant  to  the  proliferation  of  the  large 
mononuclear  cells  in  these  tissues.  These  new-formed  cells  are 
short-lived,  and  in  their  disintegration  give  rise  to  the  cell  fragment 
emboli  in  the  liver  and  other  organs. 

In  the  lesions  described,  we  have  repeatedly  noted  the  presence 
of  great  numbers  of  cell  fragments  in  the  liver  capillaries,  and  of 
larger  masses  of  cells  in  the  portal  vessels.  Altho  the  appearances 
seemed  to  point  to  a  capillary  occlusion  as  the  primary  event,  and 
the  necrosis  of  the  liver  cells  as  a  later  effect,  it  seemed  of  interest 
to  establish  this  point  e.xperimentally,  if  possible. 

The  first  question  to  be  determined  was  whether,  in  the  earUest 
lesions,  there  could  be  shown  a  complete  blockage  of  the  capillaries 

■  Johm  Hopkins  Ilosp.  Rep.,  \ig%,  s,  p.  3-Q.  '  Jour.  Expcr.  Med.,  1S97,  2,  p.  ig?. 

*  Jolins  Hopkins  Uosp.  Bull.,  1892,  3,  p.  17.  *  Ibid.,  1898,  3,  p.  611. 
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in  the  necrotic  areas.  Rats  were  infected  by  subcutaneous  inocula- 
tion, and  after  varying  intervals,  india-ink  was  injected  into  the 
portal  vein.  In  this  way  there  was  readil)'  produced  a  difluse  and 
uniform  injection  of  all  the  liver  capillaries.  The  necrotic  areas, 
however,   remained   completely  uninjected,  as  shown  in  Fig.   6, 
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Fig.  6, — Liver  of  e-xperimentally  infected  rat  after  injection  of  india-ink  into  portal  vein.     Tlie, 
necrotic  area  is  impervious  to  the  injection  fluid. 

and  stood  out  conspicuously  from  the  surrounding  injected  hver 
tissue.  The  capillaries  in  even  the  smallest  and  presumably  the 
earliest  necroses  could  be  shown  in  serial  sections  to  be  absolutely 
impermeable  to  the  injection  fluid. 

This  fact,  it  seems  to  us,  argues  against  a  primary  toxic  injury 
to  the  epithelial  cells,  followed  by  a  secondary  thrombotic  occlusion; 
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for,  in  such  an  event,  one  would  expect  to  find  lesions  in  which  the 
capillaries  were  at  least  partially  permeable  to  the  injection  fluid. 

Because  of  the  profound  destruction  of  cells  in  the  spleen,  it 
seemed  probable  that  the  cell  fragments  found  in  the  liver  capillaries 
might  be  largely  derived  from  this  source.  The  fact  that  the  intes- 
tinal lesions  were  relatively  slight  also  seemed  to  bear  out  this  idea. 
The  same  view  had  been  previously  expressed  by  Boxmeyer,  who, 
in  discussing  the  source  of  the  large  mononuclears  foimd  in  the  liver 
capillaries,  stated  that  "in  the  mouse  ....  it  is  safe  to  conclude 
that  by  far  the  greater  number  arise  in  the  spleen  and  are  carried  to 
the  capillaries  of  the  liver." 

To  test  this  point,  we  removed  the  spleens  from  two  rats,  in- 
fected them,  together  with  controls,  and  killed  them  after  three 
days.  The  liver  necroses  were  of  the  same  character  in  both  sets 
of  animals,  and  were  associated  with  the  formation  of  fibrin  thrombi 
about  cell-fragments.  If  anything,  the  necrotic  areas  were  more 
nmnerous  in  the  splenectomized  rats  than  in  the  controls.  From 
these  experiments,  it  would  seem  that  the  presence  of  cells  derived 
from  the  spleen  is  not  essential  for  the  development  of  the  liver 
lesions.' 

That  necrotic  cells,  cell-fragments,  and  phagocytes  are  dis- 
charged from  the  spleen  and  are  held  back  by  the  capillaries  of  the 
liver  and  spleen  could  be  shown  not  only  by  finding  such  cells  in 
masses  in  the  aft'erent  veins  of  the  liver  and  in  the  pulmonary 
arteries,  but  by  comparing  smears  made  directly  from  the  splenic 
vein  with  smears  from  the  left  ventricle. 

The  following  count  will  serve  as  an  example : 

Rat  M-s-2. — -Injected  subcutaneously.     Killed  after  57   hours.     Typical  gross 
and  microscopic  lesions. 
Smear  from  splenic  vein:  Percent 

Polymorphonuclear  neutrophUes 26 

(Of  these,  10  showed  degeneration,  i.e.,  vacuolization  of  cytoplasm,  loss 
of  granules,  indistinct  nuclear  outline,  pale  staining  of  nucleus;  some  of 
the  leukocytes  contained  bacilU.) 

■  Small  lymphocytes 11 

(Of  these,  2  showed  distinct  pyknosis,  with  irregularity  of  nucleus.) 

Large  lymphocytes 14 

(Of  these,  3  showed  indistinct  nuclear  outUnes,  pale  staining,  etc.) 

'  .\ttempts  to  ligature  the  portal  vein  and  thus  to  prevent  the  embolism  of  cells  from  the  intestinal 
tract  as  well  as  the  spleen,  were  unsuccessful,  the  rats  surviving  the  operation  only  three  to  four  hours. 
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Per  cent 

Large  mononuclear  cells i8 

(Characterized  by  round  or  reniform  nucleus  with  distinct  nucleolus, 
abundant  faintly  basophilic  cytoplasm  often  studded  with  purplish 
granules.  Many  of  these  cells  inclose  one  or  several  bacilli.  One  cell 
found  undergoing  mitosis. 

Degenerated  cells,  unclassified 31 

(Degenerated  cells  of  various  types,  some  mononuclear,  some  apparently 
derived   from  swollen  polynuclears.     They  often  enclose  more  or  less 
disintegrated  bipolar  bacilli  and  occasionally  nuclear  fragments.) 
Smear  from  heart  blood  (left  ventricle) : 

PoljTnorphonuciear  neutrophiles 34 

(Of  these,  5  showed  degeneration.  Several  inclosed  one  or  several  bacUU, 
one  a  red  blood  cell,  one  a  nuclear  fragment  of  normoblast  or  lymphocyte.) 

Small  lymphocj-tes 9 

Large  l\-mphocytes 31 

Large  mononuclears  (not  degenerated) 18 

Degenerated  cells,  unclassified 8 

In  the  smear  from  the  splenic  vein,  no  less  than  46  per  cent  of  all 
the  leukocytes  showed  distinct  e\idence  of  degeneration,  as  against 
13  per  cent  in  the  blood  from  the  left  ventricle.  A  similar  differ- 
ence was  found  in  other  infected  rats.  Altho  the  classification  of 
many  of  the  cells  found  in  the  smears  may  be  open  to  question, 
the  contrast  is  sufficiently  striking  to  indicate  that  degenerated  cells, 
and  particularly  phagocytes  with  bacillarj^  or  nuclear  inclusions, 
pass  out  from  the  spleen  and  are  held  back  by  the  capillaries  of  the 
liver  and  limgs  from  the  general  circulation — at  least  in  part. 

Since  some  of  the  phagocytes  contain  bacilU.  it  is  difficult  to 
sa}^  with  certainty  that  the  bacilh  or  their  disintegration  products 
are  not  concerned  in  the  production  of  the  Kver  lesions.  Even  if, 
as  we  beUeve.  the  lesion  begins  as  a  cell-fragment  thrombus  in  the 
capillaries,  it  is  readily  conceivable  that  the  death  of  the  adjacent 
Hver  cells  is  due.  not  so  much  to  a  mechanical  obstruction  of  the 
circulation,  as  to  the  toxic  influence  of  bacilh  included  in  the 
thrombosed  area.  Too  much  emphasis  should  not  be  laid  upon  the 
failure  to  find  bacilli  in  the  lesions,  since  the  degeneration  forms, 
particularly  the  intracellular  fragments,  are  extremely  difiicult  to 
identif}-  with  certainty  in  sections.  If,  however,  identical  lesions 
could  be  produced  by  the  injection  of  sterile  cellular  suspensions 
into  the  portal  circulation,  it  would  exclude  the  bacterial  factor  as 
essential  to  the  production  of  the  hver  lesions.  To  test  this  possi- 
bility, the  spleen  was  removed  aseptically  from  healthy  rats,  and 
a  rather  dense  suspension  made  by  teasing  the  tissue  in  sterile 
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Ringer's  solution.  This  was  freed  from  coarser  particles,  and, 
after  varnng  periods,  injected  through  a  iine  glass  pipette,  into 
the  mesenteric  veins  of  large  rats.  The  injected  animals  were  killed 
after  intervals  varpng  from  three  and  one-half  to  48  hours.  The 
results  of  these  e.xperiments  were  inconclusive.  Distinct  lesions 
were  found  onl_\'  in  the  li\-er  of  the  rat  killed  after  three  and  one- 
half  hours.  In  this  animal,  they  simulated  so  closely  the  lesions 
found  in  the  bacillary  infection  that  the  suspicion  arose  that  the 
rat  had  been  spontaneously  infected  with  the  disease  at  the  time 
of  the  experiment.  Cultures,  however,  yielded  only  a  few  colonies 
of  a  white  staphylococcus.  The  other  four  experiments  were 
wholly  negative. 

This  inconclusive  result  leads  us  to  express  with  caution  a 
decided  view  as  to  the  pathogenesis  of  the  lesions.  Certain  definite 
inferences  may,  however,  be  drawn  from  a  study  of  the  histological 
features  of  the  disease.  It  is  plain  that  the  bacterial  toxin,  what- 
ever its  nature,  brings  about  an  intense  destruction  of  leukocytes 
and  h-mphoid  cells  in  all  hematopoietic  tissues — spleen,  h-mph- 
nodes  and  bone-marrow.  Associated  with  this  injury,  there  is  an 
active  proliferation  of  large  mononuclear  cells,  many  of  which 
become  phagocytic  and  in  turn  degenerate.  In  many  of  the  organs, 
and  most  strikingly  in  spleen,  hver,  and  lungs,  fibrin  thrombi  are 
formed  about  masses  of  degenerating  cells  and  cell  fragments.  In 
the  hver  where  the  structural  relations  are  less  complicated  than  in 
the  spleen  and  bone-marrow,  one  may  state  with  assurance  that  the 
formation  of  these  cell-fragment  fibrin  thrombi  antedates  the 
destruction  of  the  liver  cells,  and  is  the  first  step  in  the  formation 
of  the  necrosis.  This  point,  we  believe,  is  clearly  brought  out  by 
our  ink-injection  experiments,  as  well  as  by  a  careful  study  of  the 
early  experimental  lesions,  in  which  the  thrombi  may  be  found  un- 
associated  with  necrosis  of  the  liver  cells. 

Whether  the  liver  cells  become  affected  by  the  mechanical  inter- 
ference with  the  blood  supply,  or  whether  the}'  degenerate  because 
of  the  toxic  effect  of  baciUi  entrapped  in  the  thrombus,  or  whether 
possibly  the}"  are  poisoned  by  autolytic  products  from  the  impacted 
cells,  it  is  not  at  present  possible  to  decide. 

We  wish  to  express  our  thanks  to  Professor  \V.  G.  MacCallum  and  Professor 
.\ugustus  Wadsworth  for  suggestions  and  criticism  in  the  preparation  of  this  paper. 


[Reprinted  from  the  Journal  of  Experimental  Medicine,  Vol.  XIX,  No.  4, 1914.] 


THE  EFFECTS  OF  EARLY  EXTIRPATION  OF  THE 
THYMUS  IN  ALBINO  RATS.* 

By  ALWIN  M.  PAPPENHEIMER,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

INTRODUCTION. 

Marked  differences  have  been  observed  in  the  character  and  in- 
tensity of  the  changes  that  follow  extirpation  of  the  thymus.  These 
differences  may  be  attributed  in  part  to  variations  in  the  conduct  of 
the  experiments,  but  in  part  they  appear  to  depend  upon  the  partic- 
ular species  of  animal  used.  Alost  of  the  recent  experimental  work 
has  been  done  upon  dogs  and  rabbits.  Fewer,  and  for  the  most  part 
poorly  controlled  observations  have  been  made  upon  other  animals, 
— goats,  guinea  pigs,  cats,  chickens,  and  frogs, — but  they  have  not 
led  to  conclusive  results. 

The  effect  of  removal  of  the  thymus  gland  in  white  rats  has  not 
previously  been  investigated.  For  this  reason,  and  because  it  was 
expected  that  disturbances  in  the  calcium  metabolism  resulting  from 
the  loss  of  the  gland  at  an  early  age  might  be  manifested  by  changes 
in  the  teeth,  a  systematic  study  has  been  made  during  the  past  year  of 
the  effects  of  thymectomy  upon  white  rats.  The  experiments  were 
interrupted  last  spring  by  the  outbreak  of  an  epidemic,  due  to  in- 
fection by  a  bacillus  of  the  enteritis  group,  which  destroyed  many 
of  the  rats.*  The  work  has  been  hampered  by  the  sporadic  occur- 
rence of  this  infection,  and  to  a  lesser  degree  by  the  chronic  lung 
disease  which  is  so  often  found  in  rats.  As  the  result  of  a  year's 
work,  therefore,  we  have  only  a  limited  number  of  uninfected  rats 
from  which  conclusions  as  to  growth  and  nutrition  may  be  drawn. 
However,  the  experiments  have  been  carefully  controlled,  and  we 
feel  justified  in  reporting  the  data,  especially  since  the  known  nor- 

*  Received  for  publication,  December  29,  1913. 

^  A  study  of  the  bacteriological  and  pathological  findings  in  this  disease  will 
appear  in  a  forthcoming  number  of  the  Journal  of  Infectious  Diseases. 
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mal  variations  in  growth  and  weight,  as  recently  worked  out  in  detail 
by  Hatai  (i)  and  Jackson  (2),  serve  as  further  controls.  Their 
figures  emphasize  the  need  for  caution  in  drawing  inferences  from 
slight  differences  in  weight.  This  is  true  even  for  animals  of  the 
same  litter,  maintained  imder  apparently  identical  conditions. 

The  literature  relating  to  the  experimental  extirpation  of  the 
thymus  has  been  collected  in  the  exhaustive  reviews  of  Hammar 
(3),  Wiesel  (4),  Klose  (5),  Biedl  (6),  Matti  (7),  and  Hart  (8). 
Since  the  effect  of  removing  the  thymus  of  rats  has  not  previously 
been  studied,  reference  will  be  made  only  to  the  observations  that 
bear  upon  our  work. 

METHODS  AND  TECHNIQUE. 

The  removal  of  the  thymus  was  performed  upon  young  rats, 
ranging  in  weight  from  ten  to  twenty-five  grams.  When  possible 
the  age  was  accurately  determined,  but  in  some  litters  the  age  had 
to  be  estimated.  Probably  none  of  the  operated  animals  were  over 
twent3'-one  days  old  when  the  gland  was  removed.  Two  or  more 
rats  from  each  litter  were  reserved  as  controls,  and  kept  in  the  same 
cage  as  the  operated  rats. 

The  operation  was  performed  aseptically  under  ether  anesthesia. 
A  median  incision  was  made  in  the  lower  part  of  the  neck  and 
continued  over  the  upper  half  of  the  thorax.  The  sternum  was  then 
split  as  nearly  as  possible  in  the  median  line  as  far  as  the  fourth  or 
fifth  intercostal  space,  and  the  edges  were  retracted.  The  triangu- 
laris sterni  muscle  was  separated,  exposing  the  thymus,  which  was 
carefully  dislodged  from  below  upwards  with  fine  blunt  forceps,  and 
removed  when  possible,  without  laceration  or  separation  of  the  two 
lobes.  The  friability  of  the  gland  made  this  the  most  difficult  part 
of  the  operation.  The  sternum  and  skin  were  sutured  with 
silk.  Healing  in  almost  all  cases  took  place  rapidly  and  without 
suppuration.  It  was  found  advantageous  to  use  a  simple  positive 
pressure  apparatus,  to  prevent  collapse  of  the  lung  when  the  pleura 
was  accidentally  injured,  and  to  institute  artificial  respiration  when 
necessary. 

In  the  earlier  experiments  the  control  rats  were  also  subjected  to 
etherization  and  the  sternum  was  incised  without  removal  of  the 
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thymus.  It  was  found  later  that  the  operation  had  practically  no 
immediate  effects,  and  this  precaution  was  therefore  considered 
unnecessary. 

After  the  end  of  the  nursing  period,  the  rats  were  fed  principally 
on  bread,  sunflower  seed,  and  greens.  !Meat  was  not  given,  and  the 
feeding  of  milk  was  given  up,  since  it  seemed  to  favor  the  spread  of 
infection. 

The  operated  rats  together  with  the  controls  were  kept  under 
observation  for  varying  periods  up  to  six  months,  and  were  then 
killed.     They  were  weighed  weekly. 

At  autopsy  the  organs  of  the  neck  and  thorax  were  removed  to- 
gether. After  fixation  the  lungs  and  lower  half  of  the  heart  were 
dissected  off,  and  the  rest  of  the  tissue  was  embedded  in  paraffin  and 
cut  in  series  of  lo  micra  in  thickness.  In  the  earlier  litters  each 
section  was  mounted,  but  later  only  every  tenth  section  was  ex- 
amined. When  there  was  doubt  as  to  the  nature  of  the  tissue,  the 
intennediate  sections  were  also  studied.  , 

The  other  organs  were  fixed  in  Zenker's  fluid,  and  stained  with 
hematoxylin  and  eosin.  The  bones  and  teeth  were  fixed  in  formalin 
and  decalcified  in  phloroglucin  nitric  acid,  or  in  some  cases,  in  Miil- 
ler's  fluid.     The  adrenals  were  fixed  in  Miiller-formol  solution. 

EXPERIMENTAL  PART. 

26  Htters.  comprising  118  rats,  were  used  for  this  study.  Of 
these,  82  were  thymectomized,  the  remainder  serving  as  controls. 
19  rats  died  during  or  soon  after  the  operation.  5  litters,  including 
14  operated  rats  and  11  controls,  are  still  under  observation.  In  18 
of  the  remaining  49  rats,  extirpation  was  proved  to  have  been  com- 
plete by  serial  section  through  the  entire  neck  organs.  In  one  of 
the  rats  accessory  thymus  tissue  was  found.  5  of  the  18  rats 
showed  lesions  characteristic  of  infection  with  the  bacillus  of  the 
enteritis  group  mentioned  above,  and  are  excluded  on  this  account. 

The  following  abbreviated  protocols,  therefore,  refer  only  to  rats 
in  which  entirpation  was  proved  to  have  been  complete,  in  which 
no  accessor}-  tissue  was  present,  and  which  were  shown  by  micro- 
scopic study  to  be  free  from  infection. 

The  data  given  in  table  I  afford  a  decisive  answer  to  the  question 
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TABLE  I. 
Summary  of  Protocols. 


Litter. 

Sex. 

Age  at 
operation. 

Weight  at 
operation. 

Weight  at 
death. 

Duration  of  life 
after  operation. 

Remarks. 

A2 
A3 
As 
A6 

F. 
M. 
F. 
F. 

14  dys. 
14  dys. 
14  dys. 
14  dys. 

14. 1  gm. 
16.3  gm. 
14.6  gm. 
14.6  gm. 

58-5  gm. 
66.0  gm. 
62.0  gm. 
6s.o  gm. 

31  dys. 

31  dys. 
31  dys. 
31  dys. 

Killed  with  chloroform. 
Killed  with  chloroform. 
Control :  sternum  incised. 
Control. 

B2 
B6 

M. 
M. 

15  dys. 
15  dys. 

16. 1  gm. 
16.4  gm. 

86.9  gm. 
98.6  gm. 

43  dys. 
43  dys. 

Killed  with  chloroform. 
Control:  sternum  incised. 

E2 

E6 

M. 
F. 

10  dys. 
10  dys. 

12.0  gm. 
12.0  gm. 

77-5  gm. 
59.0  gm. 

58  dys. 
58  dys. 

Killed  with  chloroform. 
Control. 

Fi 
F4 

F. 
F. 

10  dys.(?) 
10  dys. 

18. s  gm. 
i8.o  gm. 

70.0  gm. 
iii.o  gm. 

99  dys. 
99  dys. 

Killed  with  chloroform. 
Control  (infected). 

M3 
M7 

F. 
F. 

13  dys. 
13  dys. 

II. 0  gm. 
II. 0  gm. 

33-0  gm. 
49.0  gm. 

70  dys. 
82  dys. 

Spleen    removed    11    days 
after  thymectomy. 

Control:  spleen  removed  at 
same  time  as  M3. 

Oi 
02 
03 
OS 
06 

M. 
M. 

F. 
M. 

F. 

20  dys. 
20  dys. 
20  dys. 
20  dys. 
20  dys. 

21.0  gm. 
21. S  gm. 
23.0  gm. 
23-S  gm. 
21.5  gm. 

107.0  gm. 
106.0  gm. 

87.0  gm. 
122. s  gm. 

83.0  gm. 

120  dys. 
120  dys. 
131  dys. 
120  dys. 
131  dys. 

Killed  with  chloroform. 
Killed  with  chloroform. 
Killed  with  chloroform. 
Control. 
Control. 

Pi 

P2 

P3 

F. 
F. 
F. 

23  dys. 
23  dys. 
23  dys. 

24.S  gm. 
24.5  gm. 
24-S  gm. 

137.0  gm. 
III.O  gm. 
118. 0  gm. 

130  dys. 
130  dys. 
130  dys. 

Killed  with  chloroform. 
Killed  with  chloroform. 
Control. 

S2 

S6 

F. 

M. 

14  dys. 
14  dys. 

17.0  gm. 
18.0  gm. 

63.0  gm. 
72.0  gm. 

95  dys. 
90  dys. 

Minute  thymus  rest  (?). 
Control. 

whether  the  thymus  in  rats  is  a  vital  organ.  The  period  of  survival 
after  operation  ranged  from  45  to  131  days.  The  animals  of  the 
last  group  (litters  O  and  P)  showed  no  evidence  of  illness  at  that 
time.  Among  the  litters  at  present  under  observation  are  two  rats 
that  have  survived  the  operation  for  170  days  and  are  still  in  good 
health. 

It  is  therefore  proved  that  whatever  influence  the  thymus  may 
have  upon  growth  and  nutrition  in  the  rat,  it  is  not  essential  to  life. 
Sexual  maturity,  according  to  Slonaker,  is  attained  at  ten  weeks, 
although  the  maximum  weight  is  not  reached  until  after  the  first 
year.  The  period  of  observation  is  therefore  sufficiently  prolonged, 
in  the  case  of  litters  E,  M,  F,  S,  O,  and  P,  to  carry  the  animals  well 
past  the  onset  of  puberty,  at  which  time  in  rats  (Jackson)  and  in 
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rabbits  (Soderliind  and  Backman  (9)),  the  thymus  has  begun  its 
normal  invokition,  and  is  probably  no  longer  at  the  height  of  its 
functional  activity.  It  is  not  reasonable  to  suppose  that  the  fatal 
effects  of  thymus  deprivation  would  appear  only  after  the  anatomic 
regression  of  the  organ  was  well  under  way. 


INFLUENCE   OF  THYMECTOMY    UPON   GROWTH   AND    NUTRITION. 

An  analysis  of  the  weight  curves  (text-figures  i  to  8)-  does  not 
indicate  a  definite  influence  of  thymectomy  upon  growth. 
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Text-fig.  2. 


The  ten  completely  thymectomized  rats  in  which  microscopic  ex- 
amination showed  no  evidence  of  infection  were  A2,  A3.  B2,  E2, 
Fi,  Oi,  O2,  O3,  Pi.  and  P2.     Two  of  the  rats,  A2  and  B2,  showed 
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a  slight  retardation  of  growth  as  compared  with  healthy  controls  of 
the  same  litter.     The  differences  in  weight  at  the  time  when  the 
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animals  were  killed  were  insignificant  and  fall  easily  within  the 
range  of  normal  litter  variation  as  determined  by  Jackson.     Rat 
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between  the  two  controls  in  weight.     Rat  Pi  was  above,  Rat  P2 
below  the  control.     Rat  Fi,  ninety-nine  days  after  thymectomy, 
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weighed  forty  grams  less  than  the  normal  control,  F4,  but  even  ex- 
treme variations  such  as  this  are  apparently  not  uncommon  in  rats 
raised  under  laboratory  conditions." 
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On  the  basis  of  these  facts,  and  taking  into  consideration  our 
data  relating  to  rats  in  which  small  lobules  of  thymic  tissue  were 

^Jackson.  C.  M.,  Am.  Jour.  Anat.,  1913,  xv,  I.  Compare  table  I.  litter  M7, 
in  which  the  weights  ranged  at  44  days  from  23.5  to  71.8  gm.  The  variations 
may  of  course  be  due  to  unrecognized  pathological  conditions. 
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found,  but  in  which  there  must  have  been  a  marked  functional  de- 
ficiency, one  must  conchide  that  removal  of  the  thymus  in  rats  does 
not  noticeably  affect  growth  and  nutrition. 

BEHAVIOR    OF    THE    OPERATED    RATS. 

If  we  leave  out  of  consideration  all  symptoms  that  could  be  at- 
tributed to  accidental  infection  and  that  could  be  duplicated  in  nor- 
mal rats  experimentally  infected  with  Bacillus  enteritidis,  no  pecu- 
liarities in  behavior  were  noted.  Particularly  to  be  emphasized  is 
the  absence  of  nervous  irritability,  tremors,  convulsions,  and  stupor. 
There  was  not  the  slightest  evidence  of  mental  deterioration  in  any 
of  the  operated  animals,  nor  was  there  anything  peculiar  in  their 
appearance  or  posture. 

LOCAL    CHANGES. 

The  large  space  left  by  the  removal  of  the  gland  becomes  replaced 
by  adipose  tissue,  which  for  a  long  time,  preserves  the  character  of 
embryonic  fat  lobules. 

The  regional  lymphatic  glands  in  the  operated  rats  show  a  marked 
hyperplasia.  This  is  accompanied  frequently  by  a  distension  of  the 
lymph  sinuses,  with  exfoliation  of  endothelial  cells.  In  some  rats 
the  sinuses  were  found  filled  with  red  blood  cells,  many  enclosed  in 
phagocytes. 

As  regards  the  behavior  of  small  fragments  of  thymus  tissue  not 
removed  at  operation,  only  a  few  general  statements  can  be  made, 
as  a  study  of  the  minute  regenerative  changes  do  not  fall  within 
the  scope  of  the  work.  The  general  capacity  of  small  fragments  of 
thymic  tissue  to  regenerate  did  not  appear  to  be  so  marked  as  the 
statements  made  by  Klose  and  others  led  me  to  believe.  The  thy- 
mic rests  found  in  serial  sections  were  often  extremely  minute  and 
showed  no  evidence  of  active  proliferation.  They  were  composed 
of  densely  packed  small  cells,  among  which  were  a  few  complexes 
of  larger,  paler  epithelial  cells.  Fully  formed,  concentrically  dis- 
posed Hassall  bodies  were  only  exceptionally  seen.  The  identifi- 
cation of  small  masses  of  tissue  as  thymus  was  therefore  somewhat 
difficult,  and  rested  upon  the  absence  of  peripheral  lymph  sinus 
and  the  presence  of  the  epithelial  cell  complexes.  Because  of  the 
closer  crowding  of  the  cells,  the  staining  of  the  thymus  tissue  was 
somewhat  deeper  than  that  of  the  adjacent  lymph  nodes. 
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A  further  differential  point  observed  was  the  absence  of  necrotic 
lesions  in  the  thymic  tissue  in  rats  infected  with  Bacillus  enteritidis. 
The  surrounding  lymphoid  tissue  in  these  rats  regularly  contained 
areas  of  focal  necrosis,  but  in  not  a  single  instance  was  the  thy- 
mus or  the  rest  of  thymic  tissue  similarly  affected.  This  is  in 
accord  with  the  well  known  insusceptibility  of  the  thymus  to  tuberc- 
ulosis and  other  specific  infections. 

THE  INFLUENCE  OF  THYMECTOMY  UPON  OTHER  ORGANS. 

Skeletal  System. — Particular  attention  was  given  to  possible 
alterations  in  the  bones  and  teeth.  The  femur,  tibia,  upper  and 
lower  incisors,  and  in  some  cases,  the  ribs,  were  examined.  The 
methods  used  included  partial  decalcification  in  Muller's  fluid,  and 
staining  with  hematoxylin  and  carmine  after  Schmorl. 

I  "have  failed  to  observe  any  characteristic  qualitative  changes 
which  might  be  brought  into  relation  with  the  operation.  When- 
ever marked  retardation  of  growth  occurred,  the  bones  were 
shorter,  the  epiphyseal  cartilage  narrower,  the  cortical  and  trabec- 
ulae  more  slender,  and  the  marrow  spaces  larger  than  in  the  con- 
trols. In  not  a  single  instance,  however,  was  there  marked  gross 
deformity,  nor  was  there  any  irregularity  in  the  processes  of  ossi- 
fication. Rachitis-like  lesions  like  those  described  by  Klose  ( lo)  and 
Matti  (ii)  in  dogs,  and  by  Soli  (12)  in  rabbits  were  wanting. 

The  teeth  also  showed  no  irregularities  in  the  calcification  of  the 
dentine,  and  none  of  the  animals  that  were  observed  over  a  long 
period  showed  spontaneous  infarctions  such  as  have  been  described 
by  Erdheim  (13)  and  Toyofuku  ("14)  in  parathyroidectomized  rats. 

In  the  absence  of  chemical  studies  it  seems  unwarranted  to  deny 
the  influence  of  the  thymus  in  rats  upon  skeletal  and  dental  calcifi- 
cation. The  foregoing  observations,  however,  certainly  afford  no 
histological  evidence  pointing  to  such  an  influence. 

Adrenals. — There  has  been  brought  forward  considerable  patho- 
logical and  experimental  evidence  indicating  a  correlation  or  antag- 
onism between  the  thymus  and  the  adrenals.  Matti  (11)  states 
that  in  thymectomized  dogs,  there  was  regularly  observed,  on 
macroscopic  examination,  a  hypertrophy  of  the  adrenal  medulla. 
Histologically,  there  were  found  the  changes  described  by  Stoerk 
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and  von  Haberer  (15),  as  characteristic  of  hypertrophic  medullary 
tissue.  Other  references  to  the  condition  of  the  adrenals  after 
thymectomy  are  less  definite.  Soli  found  the  adrenals  diminished 
in  weight  in  six  chickens  and  increased  in  five;  in  eight  guinea  pigs 
it  was  increased  in  six  and  diminished  in  two.  Nordmann  (16)  de- 
scribes a  hyperemia.  Lucien  and  Parisot  (17)  found  a  slight 
diminution  in  the  absolute  weight,  and  no  appreciable  change  in  the 
relative  weight  of  the  adrenals  after  thymectomy. 

Hyperplasia  of  the  thymus  after  adrenalectomy  is  described  by 
Calogero  ( 18),  Bonnet  (19),  and  Auld  (20),  and,  as  pointed  out  by 
Hedinger  (21),  Hart  (22),  Wiesel  (23),  Pappenheimer  (24),  and 
others,  occurs  frequently  in  Addison's  disease. 

I  have  not  found  definite  alterations  in  the  adrenals  in  thymecto- 
mized  rats,  either  in  weight  or  in  histological  structure.  The  chro- 
maffin staining  tissue  was  invariably  abundant,  but  not  more  so  than 
in  the  controls.  Changes  in  the  chromaffin  cells  which  could  be  in- 
terpreted as  indicating  a  hypertrophy  were  not  found.  The  cortex 
also  showed  no  structural  difference  from  that  of  the  control  ad- 


TABLE  II. 
Weight  of  Adrenal  Glands. 


Rat. 

Sex. 

Operation. 

Absolute  weight. 

Relative  weight. 

Ml 

F. 

Thymectomy  (I)' 

0.030  gm. 

I-1733 

Ms 

F. 

Thymectomy  (C)* 

0.020  gm. 

I-2I00 

M6 

M. 

Control 

0.020  gm. 

1-3350 

M7 

F. 

Splenectomy 

0.020  gm. 

1-2450 

MS 

M. 

Control 

o.oii  gm. 

1-6909 

Oi 

M. 

Thymectomy  (C) 

0.022  gm. 

I-4818 

O2 

M. 

Thymectomy  (C) 

0.024  gm. 

1-4396 

03 

F. 

Thymectomy  (C) 

0.017  gm. 

I-5118 

O4 

M. 

Control 

0.024  gm. 

1-5083 

05 

F. 

Control 

0.021  gm. 

I-39S2 

Pi 

F. 

Thymectomy  (C) 

0.030  gm. 

i-4S6o 

P2 

F. 

Thymectomy  (C) 

0.025  gm. 

1-4432 

P3 

F. 

Control 

0.028  gm. 

I-4214 

Si 

F. 

Thymectomy  (C) 

0.013  gm. 

1-2083 

S2 

F. 

Thymectomy  (C?) 

0.021  gm. 

1-3000 

S4 

M. 

Thymectomy  (I) 

0.027  gm. 

1-3233 

ss 

F. 

Splenectomy 

0.015  gm. 

1-3233 

S6 

M. 

Control 

0.020  gm. 

1-3600 

U4 

M. 

Thymectomy  (I) 

0.020  gm. 

1-1800 

U7 

M. 

Control 

0.017  gm. 

1-2200 

■*  In  the  tables,  I  =  incomplete,  and  C  ==  complete. 
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renals,  although  special  staining  of  the  lipoids  was  not  attempted. 
The  absolute  and  relative  weights  of  the  adrenals  in  some  of  the 
operated  litters  are  appended. 

Although  at  first  sight  the  figures  appear  to  indicate  a  relative 
increase  in  the  weight  of  adrenals  in  the  thymectomized  rats,  this  is 
probably  due  to  the  relatively  small  weight  of  many  of  the  operated 
animals  rather  than  to  an  hypertrophy.  That  it  cannot  be  directly 
attributed  to  the  loss  of  thymus  is  indicated  bj-  the  fact  that  the 
weight  is  relativelj^  high  also  in  the  splenectomized  rats,  M7  and  S5. 
The  highest  relative  weights,  moreover,  are  found  in  rats  Mi  and 
U4,  which  were  infected  and  cachectic,  and  in  which  the  extirpation 
of  the  thymus  was  incomplete. 

Testes. — The  condition  of  the  testes  in  the  operated  animals  and 
in  the  corresponding  controls  is  given  in  table  III. 

TABLE  III. 
Testes. 


Rat. 

Agt. 

Operation. 

Weight  of 
testicles. 

Size  of 
testicles. 

Spermatogenesis. 

A3 
A4 
A6 

45  dys. 
45  dys. 
45  dys. 

Thymectomy 
Thymectomy  (I) 
Control 

4.5  mm. 

12.0  mm. 

6.5  mm. 

No  spermatogenesis. 
No  spermatogenesis. 
No  spermatogenesis. 

More  mitotic  figures  than 

A3  and  A4. 

B2 

B4 
B6 

58  dys. 
58  dys. 
58  dys. 

Thymectomy  (C) 
Thymectomy  (I) 
Control 

1. 51    gm. 
1.45     gm. 
1.50    gm. 

Spermatogenesis. 
Spermatogenesis. 
Spermatogenesis. 

E2 

E3 

68  dys. 
68  dys. 

Thymectomy  (C) 
Thymectomy  (I) 

16.0  mm. 
ii.o  mm. 

Active  spermatogenesis. 
No  spermatogenesis. 

Oi 
O2 
05 

140  dys. 
140  dys. 
140  dys. 

Thymectomy  (C) 
Thymectomy  (C) 
Control 

1.456  gm. 
1.425  gm. 
1.664  gm. 

Active  spermatogenesis. 
Active  spermatogenesis. 
Active  spermatogenesis. 

84 

104  dys. 

Thymectomy  (I) 

1. 130  gm. 

Fairly  active  spermatogene- 

S6 

104  dys. 

Control 

0.605  gm. 

Fairly  active  spermatogene- 

U4 
l"7 

79  dys. 
79  dys. 

Thymectomy  (I) 
Control 

0.180  gm. 
0.296  gm. 

No  spermatogenesis. 
No  spermatogenesis. 

In  litter  A  spermatogenesis  was  not  fully  established  at  forty-five 
days,  when  the  rats  were  killed.  In  litter  B.  at  fifty-eight  days,  both 
thymectomized  and  control  rats  showed  spermatogenesis :  and  this 
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was  true  in  all  the  other  testes  examined,  except  in  litter  E.  Here 
the  development  of  the  testis  was  further  advanced  in  E2  than  in 
another  male  of  the  same  litter,  E3,  in  which  the  removal  of  the  thy- 
mus was  incomplete.  The  data  are  not  sufficiently  nmnerous  to 
warrant  a  final  conclusion,  but  as  far  as  they  go,  they  do  not  indi- 
cate a  decided  effect  of  thymectomy'  upon  the  testes. 

The  literature  bearing  on  this  question  contains  contradictory 
statements.  The  most  extensive  experiments  made  to  determine 
the  influence  of  thymectomy  upon  the  development  of  the  testes 
are  those  of  Paton  (25).  In  guinea  pigs  removal  of  the  thymus 
was  followed  by  increase  in  the  average  weight  of  the  testes, 
amounting  in  one  series  to  46  per  cent.  Microscopic  examinations 
were  not  made. 

In  chickens,  rabbits,  and  guinea  pigs  Soli  (26)  obtained  opposite 
results.  The  testicles  in  the  thymectomized  animals  killed  after 
five  months,  were  smaller,  weighed  less  than  the  controls,  and 
failed  to  show  active  spermatogenesis.  Lucien  and  Parisot  also 
found  a  transient  retardation  in  the  development  of  the  testicles. 

Klose  and  Vogt  ( 10)  substantiated  in  dogs  the  findings  of  Paton 
in  that  they  observed  a  transient  hyperplasia  of  the  testes,  which 
disappeared  in  the  cachectic  stage.  RIatti  (11),  on  the  other  hand, 
was  unable  to  determine  any  relation  between  thymectomy  and  the 
onset  of  spermatogenesis. 

In  view  of  these  conflicting  statements  and  our  negative  find- 
ings in  rats,  it  seems  premature  to  attribute  to  the  thymus  a  direct 
influence  upon  the  male  genital  glands.  That  there  exists  an  in- 
verse relation,  however,  by  which  the  involution  of  the  thymus  is 
retarded  after  early  castration,  may  be  considered  proved,  and  the 
numerous  experiments  of  Henderson  (27),  Goodall  (28),  Calzo- 
lari  (29),  Ranzi  and  Tandler  (30),  and  Soli  and  Gellin  (31)  are 
in  agreement  on  this  subject. 

Thyroid. — In  many  of  the  operated  animals  the  thyroid  showed  a 
slight  variation  in  structure  from  that  of  the  controls.  The  acini 
were  smaller,  the  epithelium  higher,  and  the  colloid  less  abundant 
and  less  densely  stained  than  in  the  controls.  These  differences, 
however,  were  not  striking,  and  marked  epithelial  hyperplasia,  with 
papillary  infolding  of  the  epithelium,  such  as  Matti  (11)  describes 
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in  thymectomized  dogs,  was  not  seen.  The  impression  gained  was 
that  the  alterations  in  the  thyroid  were  not  specific,  but  merely  ac- 
companied the  arrested  development.  They  were  equally  manifest 
in  rats  whose  development  was  retarded  by  infections  or  other 
causes. 

Spleen. — Soli  found  the  weight  of  the  spleen  in  chickens  and 
rabbits  unaffected  by  thymectomy.  Lucien  and  Parisot  also  found 
no  changes  in  the  weight,  but  observed  in  certain  cases  an  increase 
in  the  number  and  size  of  the  follicles.  Perrier  (32),  Klose  and 
Vogt,  and  Matti  have  also  observed  a  follicular  hyperplasia,  fol- 
lowed by  atrophy  in  the  athreptic  stage. 

Klose  (5)  concludes  from  these  facts  that  the  spleen  "may  to 
a  certain  extent  and  after  a  certain  interval,  take  over  the  function 
of  the  ablated  thymus."  Late  extirpation  of  the  thymus,  which 
ordinarily  causes  only  transitory  "  rachitis-like  disturbances  of 
growth,"  if  combined  with  splenectomy,  leads  to  death  within  a 
few  weeks.  Matti  (7)  disputes  both  the  facts  and  the  inferences 
that  Klose  draws. 

I  have  repeated  this  experiment  in  three  rats,  M3,  j\l4,  and  S3. 
In  1M3  and  M4,  the  spleen  was  extirpated  1 1  days  after  thymectomy. 
The  animals  gained  steadily  in  weight  until  the  47th  day  after  thy- 
mectomy, when  the  weight  curve  began  to  decline.  M4  was  found 
dead  and  partially  eaten  on  the  66th  day  after  operation.  M3  be- 
came emaciated  and  weak,  and  developed  diarrhea.  It  was  killed 
on  the  70th  day,  and  extirpation  was  proved  by  serial  section  to 
have  been  complete.  A  control  rat,  My,  in  which  the  spleen  alone 
had  been  removed,  weighed  at  this  time  seventeen  grams  more  than 
M3,  but  also  showed  a  retardation  of  growth  as  compared  with 
the  unoperated  controls,  M6  and  M8. 

This  experiment  proves  that  a  rat  may  live  for  at  least  fifty-nine 
days  after  extirpation  of  both  thymus  and  spleen.  Since  the  micro- 
scopic examination  showed  ulcerative  lesions  in  the  intestine  and 
inflammatory  foci  in  the  lungs,  it  is  probable  that  death  was  due  to 
intercurrent  infection  rather  than  to  the  lack  of  these  organs. 

In  rat  S3,  which  was  splenectomized  fifteen  days  after  removal  of 
the  thymus,  there  was  a  normal  gain  in  weight  surpassing  that  of  a 
control  rat  of  the  same  litter  (S5)  in  which  the  spleen  alone  had 
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been  extirpated,  but  lagging  somewhat  behind  the  two  unoperated 
controls.  It  was  found  dead  and  partially  eaten  eighty-eight  days 
after  thymectomy.  Since  the  neck  organs  could  not  be  examined 
serially,  it  was  not  possible  to  be  sure  that  the  thymus  had  been 
completely  removed. 

The  absolute  and  relative  weights  of  the  spleen  in  our  series  of 
animals  are  given  in  table  IV.    There  is  wide  variation  in  the  weights 

TABLE  IV. 
Weight  of  Spleens. 


Operated  rats. 

Controls. 

A2 

0.2s    gm. 

B2 

0.62    gm. 

B6 

0.32s  gm. 

B3 

0.22    gm. 

Ml 

0.19    gm. 

M6 

0.20s  gm- 

Ms 

o.ig    gm. 

M8 

0.285  gm. 

Oi 

0.397  gm. 

O2 

0.301  gm. 

OS 

0.396  gra. 

03 

0.270  gm. 

06 

0.238  gm. 

Pi 

0.357  gm. 

P2 

0.271  gm. 

P3 

0.292  gm. 

Si 

0.192  gm. 

S2 

0.425  gm. 

S3 

0.818  gra. 

S6 

0.560  gm. 

U4 

0.220  gm. 

U7 

0.166  gm. 

and  those  of  the  thymectomized  rats  are  sometimes  heavier  and 
sometimes  lighter  than  those  of  the  controls.  The  same  variation 
was  noted  in  the  histological  pictures.  The  size  of  the  fol- 
licles in  well  nourished  rats  was  large;  in  athreptic  animals  an 
atrophy  of  the  lymphoid  tissue  occurred  regularly.  In  no  case 
where  the  nutrition  of  operated  and  control  rats  was  equally  good, 
were  striking  dififerences  found  in  the  histological  picture.  It  seems 
therefore  that  thymectom}-  in  rats  does  not  lead  to  constant  or  defi- 
nite alterations  in  the  structure  of  the  spleen. 

Blood. — The  differential  blood  counts-'  on  four  operated  litters 
are  given  in  table  \^     The  counts  are  not  sufficiently  numerous  to 

=  1  wish  to  express  my  gratitude  to  Miss  Gertrude  Fisher  for  making  the 
blood  counts.  Although  the  counts  were  not  continued  for  a  longer  period  than 
five  weeks  after  the  operation,  the  data  are  given  since  they  may  prove  of  use  to 
other  workers  in  this  field. 
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TABLE  V. 

Litter  M.     Differential   Count  Made   on  August   14,   1913,  Five   and   One  Half 

Weeks  after  Thymectomy. 


Polymor- 
phonuclears. 

Small  lym- 
phocytes. 

Large  lym- 
phocytes. 

Large  mono- 
nuclears. 

Transi- 
tionals. 

Eosino-  E 
phils. 

Mi 

Incomplete    thy- 
mectomy; infection 

36 

26 

22 

8 

8 

0 

M2 

Complete    thymec- 
tomy  and    splenec- 
tomy; no  infection 

46 

18 

22 

10 

4 

0 

M3 

Complete    thymec- 
tomy and   splenec- 
tomy; no  infection 

21 

38 

25 

8 

8 

0 

M4 

Complete    thymec- 

28 

29 

20 

II 

12 

Ms 

Control 

30 

16 

43 

7 

4 

0 

M6 

Control :       splenec- 

30 

27 

30 

13 

5 

M7 

Control .... 

35 

19 

24 

17 

5 

0 

Litter  S.     Operated  July  22,  1913. 


Si 

Complete  thymec- 
tomy 

July  24 

July  31 

Aug.   9 

Aug.  14 

Aug.  21 .  . 

17 
41 
41 
34 
36 

56 
16 
31 
32 
26 

22 
17 
16 
24 
25 

12 

15 

II 

3 

8 

3 
II 

I 
7 
5 

0 
0 

0 

0 

0 

S2 

Complete(?)  thy- 
mectomy 

23 
39 
35 
30 
31 

26 
29 
18 
21 
15 

30 
22 

31 
27 
32 

7 

S 

13 

14 
14 

4 
5 
3 
8 
8 

July  31 

Aug.    9 

0 
0 

Aug.  14 

0 

S3 

Thymectomy,   sple- 
nectomy   (Aug. 
6) 

17 
42 
33 
46 
43 

45 
20 

27 

34 

8 

24 

26 

28 

9 

17 

9 
8 

4 

6 

18 

4 
4 
8 

5 

14 

July  31 

Aug.    9 

0 
0 

Aug.  14 

0 

S4 

Control:    splenec- 
tomy 
July  24 

13 
II 

15 
44 
22 

60 
76 
61 
18 
46 

20 
8 
17 
22 
21 

4 

1 

0 

2         1           3 

4                   3 

II         1           ? 

Aug.    9  .  . . 

0 

Aug.  14 

0 

Aug.  21 

7 

4 

0 
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TABLE  v.— Concluded. 


Ss 


Control :  no  infection 

July  24 

July  31 

Aug.    9 

Aug.  14 

Aug.  21 


Polymor- 
phonuclears. 

Small  lym- 
phocytes. 

Large  lym- 
phocytes. 

Large  mono- 
nuclears. 

14 

68 

13 

I 

8 

58 

30 

I 

i6 

53 

18 

6 

15 

46 

20 

12 

25 

25 

35 

7 

Transi- 
tionals. 


Eosinophils 


Litter  W.^    Operated  November  22,  1913.    Still  under  Observation. 


Wi 

Thymectomy 

Oct.    27 

Nov.    6 

Nov.  12             ... 

46 
28 
42 
40 
SO 

14 
39 
24 
32 

25 

14 

22 
26 
20 
29 

26' 
II 

8 

8 

6 

0 
0 

Nov.  17 

Nov.  25 

0 

0 

W2 

Thymectomy 
Oct.    27 

33 
35 
43 

48 

32 

48 
54 
27 
14 
15 

10 

3 
31 
27 
46 

9 

8 
9 
9 

7 

0 

Nov.    9 

0 

Nov.  17 

2 

Nov.  25 

0 

W3 

Thymectomy 

Oct.    27 

Nov.     I 

Nov.  12 

60 
58 
43 
49 
49 

iS 
20 
21 
15 

10 

14 
16 

31 
31 
34 

8 
6 
5 
5 
8 

0 
0 
0 

Nov.  17 

Nov.  25 

0 
0 

W4 

Control 

22 

13 

28 

37 
44 

62 
46 
35 
20 

32 

9 
36 
14 
29 
18 

7 

5 

14 

14 

6 

0 
0 
0 
0 
0 

Ws 

Control 

13 
II 
44 
23 

40 

52 

63 

25 

40 

25 

26 
19 

24 
33 
27 

9 

7 
7 
4 

4 

0 
0 
0 
0 

4 

warrant  a  minute  anal3'sis  or  to  permit  of  generalizations.  There 
is  an  evident  tendency,  particularly  in  litter  S,  towards  the  occur- 
rence of  a  relatively  high  proportion  of  polymorphonuclears  during 
the  first  weeks  after  operation.     Since  the  wounds  healed  aseptically 

^  The  total  leucocyte  count  in  this  litter  showed  no  differences  between  oper- 
ated rats  and  controls.  Leucocyte  counts  were  also  made  on  the  rats  of  litters 
S  and  P,  and  no  variation  from  the  normal  was  found. 

"  Large  mononuclears  and  transitionals  were  counted  together. 
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and  the  polynucleosis  persisted  after  complete  healing,  the  change 
in  the  blood  picture  is  probably  due  to  the  loss  of  the  thymus  rather 
than  to  the  effect  of  the  operation. 

Previous  studies  of  the  blood  changes  in  other  animals  following 
•thymectomy  are  contradictory.  Seller  (33),  who  made  blood 
counts  upon  one  of  Matti's  operated  litters  of  dogs,  found  a  delay 
in  the  establishment  of  the  normal  percentage  of  polynuclears ;  the 
lymphocytic  count  remained  high  for  a  longer  period  than  in  the 
controls.  Matti  attributes  this  to  the  general  retardation  in  de- 
velopment. However,  an  inspection  of  the  actual  counts  made  by 
Seller  several  months  after  the  operation  shows  that  the  percentage 
of  polymorphonuclears  in  the  thymectomized  dogs  was  slightly 
higher  (72  to  81.  per  cent.)  than  in  the  two  controls  (65  to  68  per 
cent. ) . 

Lampe  and  Liesegang  (34),  who  carried  out  blood  studies  on 
Vogt's  animals,  found  a  progressive  diminution  of  the  lympho- 
C}i;es  to  far  below  their  normal  values.  This  is  more  in  accord  with 
my  findings,  and  is  also  in  harmony  with  the  well  known  occurrence 
of  relative  lymphocytosis  in  Status  lymphaticus,  Basedow's  disease, 
and  other  alterations  of  the  ductless  glands  commonly  associated 
with  hyperplasia  of  the  thymus. 

CONCLUSIONS. 

It  has  been  shown  that  white  rats  .may  survive  complete  extir- 
pation of  the  thymus  for  at  least  131  days,  even  when  the  operation 
is  performed  within  the  first  two  weeks  of  life. 

Removal  of  the  thymus  does  not  produce  an  arrest  or  retarda- 
tion of  body  growth  and  development. 

Qualitative  changes  in  the  skeletal  system  or  teeth  have  not  been 
found.  In  emaciated,  weak  animals  osteogenesis  is  less  active  than 
in  healthy  rats,  and  the  long  bones  are  smaller  and  more  delicate  in 
structure.  Such  quantitative  differences  appear  to  depend  upon  the 
general  nutrition,  are  equally  pronounced  in  rats  whose  develop- 
ment is  retarded  from  other  causes,  and  cannot  be  referred  specific- 
ally to  loss  of  thymus  function. 

No  constant  or  characteristic  alterations  were  detected  in  the 
spleen,  testes,  adrenals,  or  thyroid.     Whatever  functional  correla- 
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tions  may  exist  between  thymus  and  any  or  all  of  these  organs  are 
not  evident  from  the  occurrence  of  histological  changes  after  the 
removal  of  the  thymus. 

The  relative  proportion  of  lymphocytes  in  the  blood  is  dimin- 
ished for  the  first  few  weeks  after  the  operation.  We  have  not  de- 
termined how  long  this  alteration  in  the  leucocytic  formula  persists. 

Since  this  paper  went  to  press  an  article  has  appeared  by  Klose,* 
describing  briefly  the  results  of  thymus  extirpation  in  pigs,  goats, 
rats,  and  chickens.  In  rats  thymectomized  on  the  fourteenth  day, 
there  followed  a  progressive  cachexia  terminating  in  death  after 
eight  to  ten  weeks.  Disturbances  in  ossification,  which  macro- 
scopically  and  microscvjpically  were  identical  with,  those  of  human 
rickets,  developed  also  in  the  ribs  and  long  bones.  Some  of  Klose's 
litters  failed  to  show  these  lesions,  and  this  negative  result  is  ex- 
plained as  having  been  due  to  the  presence  of  thymic  tissue  within 
the  thyroid  gland. 

The  observations  of  Klose  are  in  direct  contradiction  to  the 
negative  results  described  in  this  paper.  Since  the  possible  pres- 
ence of  accessory  thymus  tissue  either  within  the  thyroid  or  else- 
where was  carefully  excluded  in  my  experiments,  the  discrepancy 
between  my  findings  and  those  of  Klose  cannot  be  explained  upon 
this  basis. 

Since  this  paper  was  sent  to  the  publisher  I  have  studied  two 
additional  rats  which  were  killed  185  days  after  operation.  Minute 
examination  of  a  complete  series  of  the  neck  organs,  including  the 
thyroid,  failed  to  show  any  tissue  which  could  be  interpreted  as 
thymus.     The  bones  showed  no  rachitic  changes. 

The  infective  origin  of  rachitic  and  osteomalacic  lesions  in  rats 
has  been  established  by  Morpurgo.  Although  reference  is  made 
by  Klose  to  Morpurgo's  work,  the  data  given  by  him  do  not  enable 
one  to  judge  whether  this  infection  was  definitely  excluded. 
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In  presenting  this  report  it  is  realized  that  general  conclusions 
upon  the  nature  of  cancer  based  upon  the  observation  of  cells  culti- 
vated under  artificial  conditions  should  be  formulated  with  hesita- 
tion. It  may  be  pointed  out,  however,  that  our  previous  studies,  as 
well  as  a  part  of  the  present  investigation,  were  undertaken  to  show 
the  similarity  in  the  behavior  of  tumor  cells  in  vitro  and  in  vivo. 

A  series  of  comparative  studies  upon  cancer  cells  and  normal  cells 
have  been  made  in  this  laboratory  during  the  past  year.  The  first 
report  upon  this  work  dealt  with  the  susceptibility  to  heat  of  sar- 
coma cells  and  connective  tissue  cells  (i).  The  present  report  will 
be  limited  to  a  consideration  of  the  general  character  of  growth  in 
vitro  of  the  same  two  tissues  with  special  reference  to  cell  division. 

GENERAL  CHARACTER  OF  GROWTH. 

Recent  papers  on  the  subject  render  unnecessary  a  detailed  de- 
scription of  the  general  phenomena  of  growth  in  tissue  cultures  and 
the  technique  of  the  method.  We  have  used  two  transplantable 
tumors  as  material  for  growing  malignant  tumor  cells ;  one  a  spindle 
cell  sarcoma  of  the  rat,  the  other  a  mixed  cell  sarcoma  of  the  mouse. 
Normal  connective  tissue  cells  were  grown  chiefly  from  small  pieces 
of  blood  vessel  removed  from  growing  or  adult  animals. 

*  Received  for  publication,  January  28,  191 3. 
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Primary  cultures  of  cells  from  the  two  kinds  of  sarcoma  and  the 
blood  vessel  differ  rather  strikingly,  though  not  fundamentally,  as  a 
brief  description  of  each  will  show.  A  piece  of  blood  vessel  placed 
in  a  hanging  drop  of  plasma  shows  at  the  end  of  twenty-four  hours 
few  if  any  cell  outgrowths  and  forty-eight  hours  may  elapse  before 
activity  is  noted;  but  at  the  end  of  the  third  or  fourth  day  a  fairly 
dense  halo  of  cells  is  seen  surrounding  the  tissue  fragment. 
Growth,  with  slow  radial  extension  of  the  cells  into  the  coagulum, 
may  continue  for  several  days  longer.  The  cells  are  for  the  most 
part  spindle  in  form,  with  long,  delicate  processes  at  either  ex- 
tremity. There  may  be,  however,  considerable  variation  in  mor- 
phology, the  size  and  shape  of  the  cells  depending  largely  on  their 
position  in  the  hanging  drop :  those  creeping  along  the  cover-glass 
or  upon  the  surface  of  the  coagulum  may  be  flattened  and  polygonal 
in  outline,  while  those  wandering  through  the  clot  are  more  compact, 
spindle-shaped,  triangular,  or  radiate  in  form,  and  possess  long 
processes.^  Karyokinetic  figures  are  occasionally  seen.  The  accu- 
mulation of  fat  in  the  cells  proceeds  slowly  reaching  a  maximum 
after  five  or  six  days. 

Although  the  sequence  of  changes  in  sarcoma  cultures  is  much 
the  same  as  in  cultures  of  blood  vessel,  the  rate  of  their  occurrence 
is  more  rapid.  There  is  practically  no  latent  period;  and  cells 
begin  to  migrate  within  a  few  hours.  At  the  end  of  twenty-four 
hours  the  culture  has  often  reached  the  height  of  its  activity  and 
numerous  mitotic  figures  are  seen  (figure  i).  By  the  end  of  the 
second  day  many  of  the  actively  migrating  cells  have  reached  the 
edge  of  the  drop  of  plasma.  The  cells  have  become  loaded  with 
fat,  and  growth  may  cease  unless  the  tissue  is  transferred  to  fresh 
culture  media. 

It  is  thus  seen  that  in  primary  cultures  the  differences  in  the 
general  character  of  growth  of  sarcoma  and  connective  tissue  are 
such  as  might  have  been  anticipated,  being,  apart  from  the  morphol- 

'  Failure  to  recognize  the  influence  of  mechanical  factors  upon  the  morpholog}' 
of  cells  growing  in  cultures  may  easilj'  lead  to  erroneous  interpretations ;  sev- 
eral types  of  tissue  cells  may,  for  example,  be  described  in  a  preparation  in 
which  only  one  kind  of  cell  is  growing.  This  source  of  error  is  illustrated  by 
figure  13  in  a  recent  paper  by  Lambert  and  Hanes  (Lambert.  R.  A.,  and  Hanes. 
F.  M..  Virclwivs  Arch.  f.  fath.  Anat.,  loc.  cit..  p.  106.) 
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ogy  of  the  cells,  chiefly  in  the  rate  and  extent  of  growth  and  ameboid 
wandering. 

In  secondary  and  subseciuent  cultures  differences  in  rate  of 
activity  are  likewise  noticeable,  but  the  relations  are  considerably 
altered.  Sarcoma  cells  grow  less  vigorously,  cell  wandering  and 
multiplication  being  less  marked  than  before.  In  the  case  of  mouse 
sarcoma  we  have  found  it  difficult  to  propagate  the  cells  through 
subcultures  for  any  length  of  time.  Connective  tissue  cells,  on  the 
contrary,  grow  more  vigorously  than  in  primary  cultures.  The 
cells  begin  to  wander  out  almost  immediately.  Mitotic  figures  are 
often  extremely  numerous  (figure  2).  In  one  preparation  more 
than  a  hundred  cells  were  observed  undergoing  mitotic  division 
simultaneously.  Apparently  the  resting  connective  tissue  cells  of 
the  vessel  wall  have  become  transformed  within  a  few  days  into 
actively  proliferating  fibroblasts,  similar  to  what  occurs  during  the 
reparative  process  following  a  wound  in  the  body.  It  is  conceivable 
that  the  mechanism  of  the  reaction  is  the  same  in  both  cases. 

That  secondary  cultures  of  connective  tissue  cells  are  more  regu- 
larly successful,  exhibit  many  more  mitoses,  and  often  show  a  more 
extensive  growth  than  secondary  cultures  of  sarcoma,  has  been 
shown  conclusively  in  a  large  number  of  experiments.  Several  ex- 
planations of  this  fact,  each  of  which  upon  analysis  seems  inade- 
quate, have  suggested  themselves :  ( i )  that  tumor  cells  are  in  gen- 
eral less  hardy  than  normal  cells  and  .the  failure  to  thrive  under 
artificial  conditions  is  but  an  evidence  of  a  hypothetical  lowered 
vitality:  (2)  that  tumor  tissue  requires  a  larger  food  supply  than 
normal  connective  tissue  and  the  food  supply  in  tissue  cultures  is 
insufificient  for  the  continuous  active  growth  of  sarcoma  cells ; 
(3)  that  some  substance,  as,  for  example,  the  internal  secretion  of 
one  or  more  glands,  upon  which  the  continuous  multiplication  of 
tumor  cells  may  depend,  is  present  in  insufficient  amount  or  is  too 
irregularly  supplied  in  cultures. 

The  first  explanation,  which  postulates  a  low  resistance  to  in- 
juries of  all  kinds  on  the  part  of  tumor  cells,  has  some  support. 
Ribbert  (2)  some  years  ago  expressed  this  view,  basing  his  opinion 
on  the  clinical  observation  of  the  effects  of  radium,  x-ray,  etc., 
which  exhibit  a  more  destructive  action  upon  cancer  cells  than  upon 
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the  adjacent  normal  tissues,  and  he  suggested  that  the  low  vitality 
of  the  cells  was  caused  by  a  poor  circulation.  In  a  recent  paper 
(i)  we  described  experiments  showing  that  rat  sarcoma  cells  are 
less  resistant  to  heat  than  are  normal  connective  tissue  cells.  On 
the  other  hand,  the  vitality  exhibited'  by  the  cells  of  rat  and  mouse 
tumors  under  different  conditions  of  transplantation  indicates  at 
least  a  rather  high  degree  of  resistance  to  mechanical  injuries. 
Furthermore,  the  greater  resistance  to  low  temperatures  of  mouse 
tumor  cells,  as  compared  with  normal  body  cells,  can  hardly  be 
questioned. 

The  second  explanation  involves  the  assumption  that  tumor  tissue 
requires  more  food  than  an  equal  quantity  of  normal  tissue.  Ex- 
perimental data  on  this  point  are  meager ;  such  as  we  have,  however, 
do  not  support  the  notion.  Cramer  and  Pringle  (3),  for  example, 
have  shown  that  in  the  case  of  a  rat  sarcoma  less  nitrogen  is  required 
to  build  up  a  certain  amount  of  tumor  than  to  build  up  an  equal 
weight  of  somatic  tissue. 

Our  knowledge  at  present  of  the  factors  controlling  the  growth 
of  normal  tissues  is  so  limited  tliat  the  general  idea  contained  in  the 
third  explanation,  namely,  that  the  unlimited  growth  of  tumor  cells 
is  dependent  upon  some  body  secretion  which  is  insufficiently  sup- 
plied in  cultures,  can  hardly  be  discussed.  ^^'I^ile  there  is  a  general 
tendency  to  attribute  to  tumor  cells  an  independence  of  body  func- 
tion, such  an  independence  has  not  been  proven. 

It  was  mentioned  in  a  former  paper  that  we  had  been  able,  by 
successive  transfers,  to  propagate  rat  connective  tissue  cells  in  vitro 
for  more  than  three  months,  at  which  time  the  cells  were  still 
multiplying  actively.  No  changes  indicating  degeneration  from  old 
age  were  observed.  While  this  experiment  covers  too  short  a 
period  to  be  of  much  significance,  it  suggests  a  reference  to  the 
point  of  the  immortality,  so  called,  of  the  cancer  cell  which  the 
cancer  transplantation  experiments  of  the  past  twelve  years  tend  to 
support.  The  fact  that  tumors  arising  in  rats  and  mice  have  been 
propagated  by  successive  transplantation  to  other  hosts  over  a  period 
several  times  that  representing  the  life  of  the  animal  in  which  the 
tumor  originated,  has  been  emphasized.  It  will  be  interesting  to  see 
if  we  shall  be  able  to  cultivate  normal  cells   (of  the  mouse,  for 
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example)  for  a  period  exceeding  the  life  of  an  individual  of  that 
species.  It  may  thus  be  possible  to  determine  whether  or  not  the 
attribute  of  immortality  is  to  be  regarded  as  characteristic  of  the 
cancer  cell. 

CELL  DIVISION. 

The  presence  of  atypical  division  figures  in  the  cells  of  malig- 
nant new  growths  has  been  noted  by  a  number  of  observers  (Cornil, 
Klebs,  von  Hansemann  (4),  Galeotti  15),  Farmer,  Moore,  and 
Walker  (6),  Bashford  and  ^lurray  (7I.  and  others.-  The  contri- 
butions of  most  interest,  on  account  of  the  theoretical  importance 
attached  to  the  observations  recorded,  are  those  of  von  Hansemann, 
and  Farmer,  Moore,  and  \\'alker. 

von  Hansemann  regarded  the  presence  of  atypical  mitoses  in  tumors  as  an 
expression  of  a  change  in  biological  character  that  occurs  when  normal  cells 
become  anaplastic,  or  undifferentiated.  It  is  the  anaplastic  cell,  he  maintains, 
which,  upon  receiving  the  proper  stimulus,  becomes  the  cancer  cell. 

Farmer,  Moore,  and  Walker,  who  saw  in  the  abnormal  mitoses  in  tumors  a 
striking  resemblance  to  the  type  of  division  in  reproductive  tissue  (heterotypical 
mitosis),  attached  another  significance  to  the  phenomenon.  Their  theory  is  as 
follows :  The  remote  cause  of  cancer,  which  may  be  some  form  of  chronic  irri- 
tation, induces  in  normal  cells  a  change  in  their  mode  of  division  which  results 
eventually  in  a  definite  heteroty-pical  karyokinesis.  Cells  exhibiting  this  tj'pe  of 
division  possess  the  inherent  power  of  unlimited  growth.  The  mechanism,  then, 
of  the  development  of  cancer  cells,  consists  essentially  in  the  production  of  a 
change,  through  some  unknown  agencj'  in  the  character  of  division  in  normal 
body  cells.  This  theory  invites  attack  first  on  account  of  the  assumption  that 
reproductive  cells  possess  a  power  of  unlimited  infiltrative  growth.  In  support 
of  this  assumption  thej'  refer  to  the  parasitic  growth  assumed  by  the  cells  of  the 
embryo  sac  in  certain  flowering  plants,  von  Hansemann  has  criticized  this 
example  on  the  ground  that  such  a  parasitic  growth  bears  no  analogy  to  the 
invasive  growth  of  malignant  tumor  cells  in  the  body.  It  is  sufficient  to  point 
out,  as  Bashford  says,  that  there  is  no  evidence  either  in  histological  studies  or 
in  experimental  work,  such  as  transplantation  of  testis  and  ovary  or  ligation  of 
the  vas  deferens,  that  the  reproductive  cells  of  vertebrates  possess  the  properties 
postulated  in  this  theory. 

The  question  as  to  whether  the  mitoses  in  cancer  are  definitely  heterotypical, 
as  Farmer,  Moore,  and  Walker  maintain,  will  be  taken  up  later. 

The  work  upon  which  we  shall  report  at  this  time  is  concerned 
with  a  study  of  mitosis  in  stained  and  fresh  cells  in  cultures  of 

'An  exhaustive  review  of  the  subject  with  a  complete  bibliography  is  given 
by  Wolflf,  J.,  Die  Lehre  von  der  Krebskrankheit  von  den  altesten  Zeiten  bis  zur 
Gegenwart,  Jena,  1907,  i. 
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sarcoma  and  connective  tissue.  The  method  used  permits  of  a 
more  complete  study  of  the  process  of  cell  division  in  vertebrate 
tissues  than  has  hitherto  been  possible,  since  observations  can  be 
made  upon  living  growing  cells  (figure  6).  Through  such  observa- 
tions serial  pictures  made  from  the  same  cell  can  be  obtained,  and 
the  time  required  for  division,  which,  as  we  shall  show,  differs 
markedly  in  normal  and  cancer  cells,  can  be  determined.  Tlie 
method  also  permits  one  to  fix  and  stain  a  mitotic  figure  in  any 
phase,  thus  making  it  possible  to  verify  observations  upon  the 
living  structure  (figure  7).  For  this  reason  alone  the  method  will 
appeal  to  those  interested  in  a  finer  study  of  normal  and  pathological 
mitoses  in  the  tissues  of  higher  animals.  It  should  be  explained 
that  with  this  method  sections  of  the  tissue  and  media  are  not 
necessary,  and  the  cells  are  usually  well  separated  in  the  plasma  and 
are  often  so  flattened  against  the  cover-glass  or  on  the  surface  of 
the  coagulum  that  a  determination  of  the  number  of  chromosomes 
is  no  more  difficult  than  in  paraffin  sections  (figure  3,  c). 

The  questions  investigated  have  been  (i)  the  character  of  the 
mitoses,  and  (2)  the  rate  of  division  in  sarcoma  and  connective 
tissue  cells. 

CHARACTER  OF  THE   MITOSES. 

According  to  von  Hansemann  (8)  and  others,  atypical  division 
figures  in  cancer  cells  may  be  of  three  kinds :  ( i )  asymmetrical 
mitoses;  (2)  multipolar  mitoses ;  and  (3)  hyper- and  hypochromatic 
cells.  Asymmetrical  mitoses  were  regarded  by  von  Hansemann  as 
of  most  significance;  they  were  found  only  in  carcinoma.  Distinct 
asymmetrical  figures  have  not  been  found  in  our  sarcoma  prepara- 
tions. Multipolar  mitoses,  however,  were  not  infrequently  en- 
countered. A  tripolar  mitosis  is  shown  in  figure  5,  b.  That  multi- 
polar division  of  the  nucleus  may  result  in  the  formation  of  multi- 
nucleated cells,  appears  probable  from  observations  to  which  refer- 
ence will  be  made. 

Abnormal  pictures  suggesting  tetrapolar  mitoses  were  occa- 
sionally noted  in  fresh  cells  but  upon  fixing  and  staining  the  cells 
it  was  seen  that  a  lagging  of  chromosomes  was  responsible  for  the 
appearance.     The  cell  in  figure  4,  b,  and  probably  also  the  one  in 
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figure  5,  a,  are  instances  of  this.  The  cell  in  figure  4,  b.  had  been 
under  microscopical  observation  in  the  warm  box  for  about  thirty 
minutes ;  the  chromosomes  were  distinctly  visible  in  the  equatorial 
plate  stage.  The  mass  of  chromosomes  began  to  break  up  but  in- 
stead of  a  division  into  two  equal  groups  with  segregation  at  the 
poles  of  the  cell,  there  seemed  to  be  a  general  scattering.  After  a 
few  minutes  two  irregular  clumps  could  be  made  out  situated  near 
the  poles ;  the  remaining  chromatin  material  could  be  seen  with 
difficulty.  The  preparation  was  then  fixed  with  formalin  vapor 
and  stained  with  iron  hematoxylin. 

Hyper-  and  hypochromatic  mitoses  were  somewhat  more  common 
than  multipolar  figures  (figures  i  and  4,  a).  Hyperchromatic  cells 
seemed  to  be  more  numerous  than  cells  with  a  diminished  number 
of  chromosomes.  A  large  number  of  counts,  however,  was  not 
made,  since  a  study  of  this  kind  did  not  appear  necessary  in  view  of 
the  studies  of  von  Hansemann  and  his  pupils,  and  the  recent  work 
of  Bashford  and  Murray  (9). 

Their  results  indicate,  in  brief,  that  while  a  reduction  in  the  number  of 
chromosomes  is  often  observed  in  cancer  cells,  the  reduction  is  not  an  exact 
halving;  furthermore,  the  chromosomes  are  not  of  the  same  character  as  those 
found  in  gametogenic  cells.  An  analysis  of  Farmer,  Moore,  and  Walker's  papers 
shows  that  according  to  their  own  observations  only  a  small  percentage  of  the 
mitoses  in  cancer  are  definitely  heterotypical.  This  fact  in  itself  should  at  least 
lessen  the  force  of  their  conclusions. 

von  Hansemann  maintained  that  hypochromatic  cells  were  developed  in  two 
ways :  first,  by  asymmetrical  division,  and  secondly,  by  a  casting  out  and 
degeneration  of  chromosomes  during  division.  'The  latter  phenomenon  we  have 
observed  in  unstained  cells.  In  the  instances  noted,  one  or  more  chromosomes 
were  seen  to  be  left  behind  as  the  two  masses  of  chromatin  separated  in  ana- 
phase. The  lost  chromosomes  could  be  followed  long  enough  for  the  observer 
to  be  convinced  that  they  did  not  enter  into  the  formation  of  the  daughter 
nuclei;  but  their  ultimate  fate  was  not  determined  with  certainty.  They  ap- 
peared to  become  dissolved  in  the  cell  cytoplasm. 

Amitotic  division  has  been  described  as  a  fairly  common  occur- 
rence in  tumor  cells  and  as  taking  place  not  infrequently  in  con- 
nective tissue  cells.  It  seemed,  therefore,  of  interest  to  search  for 
evidences  of  the  process  in  living  cells.  The  ease  with  which 
mitosis  may  be  studied  in  unstained  preparations  made  it  appear 
probable  that  stages  in  amitotic  division,  if  present,  might  also  be 
followed.     However,  after  observations  upon  several  hundred  cells 
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undergoing  division,  an  example  of  amitosis  has  not  been  made  out 
in  living  cells.  It  is  possible,  of  course,  that  the  phenomenon  might 
escape  notice,  especially  in  connective  tissue  cells  where  the  nuclei 
are  sometimes  not  distinct  and  the  cell  outlines  not  well  defined. 
But  even  in  stained  preparations  convincing  figures  indicating  the 
formation  of  two  cells  following  amitotic  nuclear  division  were  not 
found.  Dumb-bell  nuclei,  as  well  as  nuclei  presenting  knob-like 
prominences  partially  or  completely  constricted  off,  were  seen  both 
in  tumor  and  connective  tissue  preparations  (figure  8).  Such  a 
breaking  up  of  the  nucleus,  however,  seemed  to  result  not  in  the 
formation  of  new  cells  but  in  the  development  of  multinucleated 
cells  of  moderately  large  size. 

We  have  made  one  observation  which  shows  that  cells  with  two 
nuclei,  such  as  are  seen  not  uncommonly  in  culture  preparations, 
may  be  the  result  of  mitotic  division  of  the  nucleus  without  cyto- 
plasmic division.  In  the  instance  referred  to,  a  cell  under  observa- 
tion in  a  warm  chamber  exhibited  all  the  phases  of  mitosis  up  to 
constriction  and  division  of  the  cytoplasm.  Within  half  an  hour 
long  pseudopods  had  been  thrown  out.  At  this  point  the  prepara- 
tion was  fixed  and  stained  and  the  fact  established  that  two  nuclei  of 
normal  size  and  appearance  were  present. 

The  question  as  to  why  cancer  cells  divide  in  an  abnormal  manner  has  inter- 
ested those  who  have  studied  the  phenomenon.  The  theories  of  von  Hanse- 
mann  and  of  Farmer,  Moore,  and  Walker  are  largely  concerned  with  the  answer 
to  this  problem.  The  results  of  some  experiments  by  Hacker  (lo)  and  Galeotti 
(S)  are  perhaps  significant  in  this  connection.  Galeotti  describes  atypical  mitoses 
similar  to  those  seen  in  cancer  cells  in  the  epidermis  of  the  salamander  produced 
through  the  action  of  quinine,  antipyrine,  and  other  agents.  Hacker  obtained 
similar  results  by  subjecting  the  eggs  of  cyclops  to  ether.  The  suggestion  was 
made  that  in  mouse  cancer  at  least  the  atypical  mitoses  described  might  have 
been  the  result  of  ether  narcosis.    This  idea  was  readily  refuted  by  Bashford. 

Ribbert  (2),  looking  for  a  more  tangible  explanation,  suggested  that  malnu- 
trition occasioned  by  the  poor  circulation  in  tumors  might  be  responsible  for  the 
abnormalities  in  division.  It  is  doubtful  if  the  present  studies  throw  any  light 
on  the  question.  With  Ribbert"s  explanation  in  mind  it  may  be  suggested  that 
the  conditions  of  food  supply  are  the  same  for  cultures  of  both  kinds  of  tissue, 
in  one  of  which  abnormal  mitoses  are  present,  in  the  other,  absent.  It  must 
be  remembered,  however,  that  abnormalities  in  structure,  developed  during  the 
growth  of  cells  in  the  body,  could  not  be  expected  to  disappear  in  a  succeeding 
generation  in  vitro,  even  though  the  causative  factor  might  conceivably  be 
removed. 
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RATE  OF  DIVISION. 

As  indicated  above,  the  chromatin  material  is  clearly  visible  in 
the  cell  during  division.  The  earliest  changes  in  the  nucleus  are 
not  always  easily  made  out,  but  with  proper  lighting  and  practice  in 
making  observations  the  process  can  be  followed  through  all  phases. 

We  pointed  out  previously  (ii)  that  under  constant  conditions 
the  time  recjuired  for  connective  tissue  cells  of  the  rat  to  divide  did 
not  vary  greatly.  For  example,  at  body  temperature  (38°  C.)  they 
require,  as  a  rule,  twenty-five  to  forty-five  minutes.  We  found  that 
the  time  required  varied  with  the  temperature,  and  that  cells  of 
different  species  show  somewhat  different  time  periods. 

In  the  case  of  sarcoma  cells,  however,  we  have  found  that  a 
marked  variation  in  the  division  rate  obtains,  even  among  cells  in 
the  same  preparation.  The  time  is  rarely  shorter  than  that  required 
by  connective  tissue  cells,  but  two  to  four  hours  may  be  occupied  in 
the  process.  Table  I  contains  records  of  observations  upon  mitosis 
in  ten  sarcoma  cells  and  an  equal  number  of  connective  tissue  cells. 


TABLE   I. 
Rat  Connective  Tissue  Cells. 


No.  of 
animal. 

Tempera- 
ture. C. 

Days  in 

•uiiro. 

Mitosis 
began. 

1    Separation  of 
daughter 
chromosomes. 

Beginning  con- 
striction of 
cytoplasm. 

Division 
completed. 

Time  re- 
quired in 
minutes. 

I 

34° 

15 

9.10 

9-35 

9.3S 

9-45 

35 

2 

34° 

IS 

9  20 

951 

9-54 

10.01 

40 

3 

34° 

78 

5-30 

6.10 

6.12 

6.20 

50 

4 

36° 

15 

S.35 

907 

9.09 

9-15 

40 

5 

36° 

4 

S.34 

9.09 

9.11 

9.16 

42 

6 

38° 

20 

3-45 

4.07 

4.10 

4-13 

28 

7 

38° 

40 

9-30 

9-45 

9-47 

9-52 

22 

8 

3S° 

20 

11.03 

II. 21 

11.24 

11.29 

26 

9 

39° 

10 

2.18 

2.41 

2.44 

2.47 

29 

10 

39° 

10 

2.10 

2.26 

2.28 

2-31 

21 

Rat  Sarcoma  Cells. 


I 

33° 

5 

10.00 

11.00            1           11.03                  II. 12 

72 

2 

35° 

3 

9-15 

10.34                       10.36                  10.40 

85 

3 

37° 

3 

9.20 

9-42         1           9-45         .        9-55 

30 

4 

37° 

4 

8.03 

Complete  disintegration  at  10:15 

S 

37° 

3 

3-15 

4.43                   4-45                452 

97 

6 

38° 

3 

7.20 

7.38                    7-40                 7-45 

25 

7 

38° 

2 

9-45 

10.44                  10-47              10.55 

70 

8 

38° 

2 

10.20 

10.43                  10.49              11.04 

44 

9 

38° 

3 

10.30 

Complete  disintegration  at  12.30 

10 

38° 

8 

2.10 

2.25                   2.27        1        2.34 

24 
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Occasionally  a  cell  is  seen  in  which  mitosis  appears  to  progress 
normally  to  the  formation  of  the  equatorial  plate  and  then  stops ;  the 
nuclear  material  becomes  gradually  condensed  into  a  translucent 
mass,  and,  after  one  to  three  hours  rapid  disintegration  of  the  cell 
ensues.  This  phenomenon  is  striking.  The  cell  suddenly  bursts ; 
a  number  of  small  rounded  fragments  constitute  the  debris.  The 
course  of  division  in  the  later  phases  in  sarcoma  cells  is  usually 
the  same  as  in  connective  tissue  cells;  that  is,  within  two  or  three 
minutes  after  the  separation  of  the  masses  of  daughter  chromo- 
somes, constriction  of  the  cell  body  begins,  division  of  the  cytoplasm 
being  completed  in  five  to  ten  minutes.  Pseudopods  are  immedi- 
ately thrown  out  by  the  daughter  cells,  which  within  a  half  hour 
have  become  indistinguishable  from  the  neighboring  resting  cells. 

CONCLUSIONS. 

1.  In  primary  cultures  sarcoma  cells  exhibit  a  much  greater 
activity  than  do  normal  connective  tissue  cells  grown  from  the  adult 
blood  vessel;  there  is  a  shorter  latent  period,  ameboid  phenomena 
are  more  marked,  and  cell  multiplication  proceeds  more  rapidly. 

2.  In  secondary  cultures  sarcoma  cells  are  less  active  than  in 
primar}-  cultures ;  connective  tissue  cells,  on  the  other  hand,  show  a 
markedly  accelerated  growth. 

3.  Connective  tissue  cells  are  more  easily  propagated  over  long 
periods  in  viiro  than  are  sarcoma  cell-; :  they  multiply  actively  in 
cultures  more  than  three  months  old. 

4.  The  method  of  tissue  cultivation  is  well  adapted  to  the  study 
of  normal  and  pathological  cell  division ;  the  nuclear  changes  are 
easily  discernible  in  the  living  cell  as  division  proceeds,  and  stain- 
ing methods  may  be  applied  to  verify  observations  upon  the  un- 
stained structures. 

5.  Atypical  mitoses  of  several  kinds  are  found  in  cultures  of 
sarcoma  cells  but  are  not  seen  in  growths  of  connective  tissue. 

6.  The  time  required  for  division  in  rat  connective  tissue  cells 
kept  at  body  temperature  (38°  C.)  varies  within  relatively  narrow 
limits  (twenty  to  fifty  minutes')  ;  sarcoma  cells,  on  the  contrary, 
exhibit  marked  variations  and  several  hours  may  be  required. 
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7.  In  studies  upon  living  cells  amitotic  division  has  not  been 
observed  in  either  normal  or  tumor  tissue.  Evidences  of  nuclear 
budding,  however,  with  the  formation  of  cells  containing  several 
nuclei  of  irregular  size  have  been  noted. ^  The  development  of  a  cell 
with  two  nuclei  from  a  mononuclear  cell  by  mitotic  division  of  the 
nucleus  without  division  of  the  cytoplasm  has  also  been  observed. 
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EXPLAN.\TION  OF  PLATES. 
Pl.\te    98. 

Fig.  I.  A  field  in  a  three  day  culture  of  mouse  sarcoma.  In  the  upper  part 
of  the  picture  cells  are  seen  wandering  along  the  cover-glass  in  an  area  from 
which  fibrin  has  retracted.  In  the  lower  part  cells  are  seen  moving  through  the 
fibrin  meshwork.  Seven  mitoses  are  visible;  one,  on  the  left,  is  a  large  hyper- 
chromatic  cell. 

Fig.  2.  An  area  containing  a  tongue-shaped  group  of  cells  in  a  fifteen  day 
secondary  culture  of  rat  blood  vessel.  The  four  dividing  cells  represent  several 
phases  of  karyokinesis :  (o)  prophase;  (6)  metaphase,  with  complete  withdrawal 
of  pseudopods;  (c)  telephase,  showing  segregation  of  daughter  chromosomes, 
constriction  of  cytoplasm,  and  beginning  extrusion  of  pseudopods;  (rf)  two 
daughter  cells  immediately  after  division,  showing  compact,  deeply  staining 
nuclei. 

'  Cells  of  the  type  here  referred  to  are  not  to  be  confused  with  the  large 
multinucleated  giant  cells  formed  about  foreign  bodies  or  on  the  cover-glass  in 
cultures  of  chick  or  rat  spleen,  the  mechanism  of  the  formation  of  which  was 
discussed  in  a  former  paper  (Lambert,  R.  A.,  Jour.  Exper.  Med.,  1912,  xv,  510). 
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Plate    99. 

Fig.  3.  Three  mitoses  from  a  four  day  preparation  of  rat  sarcoma,  showing 
no  abnormality  in  structure;  (a)  a  cell  with  the  spindle  peripherally  situated; 
(&)  normal  mitosis;  (c)  a  cell  flattened  on  the  cover-glass;  the  chromosomes 
are  well  separated. 

Fig.  4.  Three  mitoses  from  a  three  day  culture  of  rat  sarcoma;  (o)  a  large 
hyperchromatic  cell;  (6)  mitosis  with  lagging  chromosomes;  (c)  mitosis  in  a 
cell  containing  a  large  vacuole. 

Fig.  5.  Three  cells  from  a  five  day  growth  of  rat  sarcoma;  (o)  bipolar 
mitosis  with  lagging  chromosomes.  This  cell  when  fresh  had  the  appearance  of 
a  tetrapolar  mitosis;  (6)  tripolar  mitosis;  (c)  a  cell  containing  three  newly 
formed  nuclei,  the  result  apparently  of  a  tripolar  mitosis  without  division  of  the 
cell  cytoplasm. 

Plate    100.  S 

Fig.  6.  Four  drawings  at  fifteen  minute  intervals  of  a  rat  connective  tissue 
cell  undergoing  division,  and  a  resting  cell  (x)  for  comparison,  (a)  Prophase; 
(b)  metaphase;  (c)  telephase;  (d)  daughter  cells  fifteen  minutes  after  division. 
In  the  living  cell  the  chromosomes  are  visible  in  the  cytoplasm  on  account  of 
their  slightly  greater  refractivity.  They  are  represented  here  in  dark  color  for 
the  sake  of  clearness.    The  small  white  spaces  in  the  cells  are  fat  droplets. 

Fig.  7.  (a)  Young  connective  tissue  cells  fixed  and  stained  five  minutes  after 
division;  (b)  connective  tissue  cells  fixed  and  stained  thirty  minutes  after  divi- 
sion;  (x)   resting  cell  for  comparison. 

Fig.  8.  (a)  Budding  nuclei  in  sarcoma  cells;  (6)  the  same  in  connective 
tissue  cells. 
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STUDIES  ON  THE  CULTIVATION  OF  THE  VIRUS  OF 
VACCINLA.     II.* 

Edna  Stein  hardt  and  Robert  A.    Lambert. 

(From  the  Research  Laboratory,  Department  of  Eeaith,  and  the  Department  oj  Pathology,  College  of 
Physicians  and  Surgeons,  New  York  City.) 

Two  years  ago'  we  began  to  apply  the  method  of  cultivating 
tissues  in  vitro  (Harrison)  to  the  study  of  the  viruses  of  certain 
infections  in  which  the  specific  living  agents  have  not  yet  been 
identified.  The  three  viruses  studied  thus  far  with  the  new  method 
have  been  those  of  rabies,  vaccinia,  and  s\philis.-  In  the  study 
of  the  former  we  attempted,  first,  to  determine  whether  the  Negri 
bodies,  the  nature  of  which  is  still  in  dispute,  would  show  any 
development  or  miiltiplication  in  vitro  when  fragments  of  brain 
from  rabid  animals  were  incubated  in  blood  plasma,  and,  second, 
to  see  if  the  characteristic  bodies  could  be  produced  in  vitro  by 
combining  nonnal  brain  and  virus.  We  found  that  no  develop- 
ment or  multiplication  took  place  in  vitro,  and  that,  altho  struct- 
ures indistinguishable  from  certain  forms  of  Negri  bodies  developed 
in  the  \arus-normal  brain  preparations,  the  same  bodies  were  found 
in  control  preparations  in  which  were  pieces  of  normal  brain  without 
virus.  In  a  single  instance  the  virus  remained  alive  after 
8  days'  incubation;  animal  inoculations  of  preparations  incubated 
for  a  longer  time  gave  in  all  cases  nega-tive  results. 

During  the  past  year  we  have  been  applying  Harrison's  method 
to  the  cultivation  and  study  of  the  virus  of  vaccinia.  The  results 
of  our  first  series  of  studies  appeared  recently  in  this  Journal.-' 
We  concluded  that  there  was  a  definite  multiplication  of  the  virus 
in  tissue  cultures  composed  of  blood  plasma  and  pieces  of  cornea 
(of  rabbit  or  guinea-pig)  to  which  small  quantities  of  diluted  virus 
were  added.  Successful  animal  inoculations  were  obtained  from 
the-  third  subculture.     Histological   studies  of   the  preparations, 

♦Received  for  publication  November  3,  1913. 
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however,  revealed  no  specific  vaccine  bodies.  The  present  paper 
is  concerned  with  the  continuation  of  these  experiments. 

Levaditi'  has  recently  applied  Harrison's  method  with  some 
success  to  the  cultivation  of  the  virus  of  pohomyelitis. 

We  wish  to  record  at  this  time  experiments  upon  the  following 
points:  (i)  estimation  of  the  extent- of  multiplication  of  the  virus 
in  cultures  by  use  of  higher  dilutions  of  original  virus;  (2)  necessity 
of  living  corneal  tissue  for  the  growth  of  the  virus;  (3)  possibility 
of  substituting  other  organ  tissues  for  cornea;  (4)  use  of  plasma 
and  cornea  from  immune  animals  in  the  culture  preparations. 

USE   OF   HIGHER   DILUTIONS    OF   VIRUS. 

In  previous  experiments,  described  in  our  first  paper,-  the  virus 
was  diluted  i :  5  before  use  in  the  cultures.  Inoculation  of  a  small 
number  of  unincubated  preparations  in  the  skin  of  rabbits  gave 
in  some  instances  50-60  pustules;  the  incubated  preparations,  on 
the  other  hand,  produced  such  extensive  confluent  eruptions  that 
the  number  of  pustules  could  not  be  estimated  with  accuracy. 
In  order  to  detennine  the  extent  of  multiplication  of  the  virus,  it 
therefore  seemed  desirable  to  make  use  of  a  higher  dilution  of  the 
virus.  With  this  end  in  view  the  following  e.xperiments  were 
carried  out: 

Experiment  joi. — Two  commercial  glycerinatcd  viruses  (2190  and  21Q3J  were 
dialyzed  in  salt  solution  according  to  the  method  of  Poor  and  Steinhardt^  and  placed 
in  icebox  to  allow  coarse  particles  to  sediment.     Only  the  supernatant  fluid  was  used. 

Virua  2190  was  diluted  1:15  in  Ringer's  solution.  A  large  number  of  prepara- 
tions were  made  with  rabbit  cornea  and  plasma  and  the  diluted  virus,  using  the  same 
technic  as  described  in  our  first  paper.  Nine  unincubated  preparations  inoculated  in 
the  skin  of  a  rabbit  gave  10  flat  pustules  (si.xth  day).  It  should  be  mentioned  that 
with  these  preparations  a  very  dilute  virus  gives  frequently  flat  pustules.  This  may 
be  due  to  a  lytic  action  of  plasma  on  virus.  The  same  number  of  slides,  incubated  1 1 
days,  gave  upon  inoculation  60-65  elevated  pustules.  PracticaUy  all  of  the  prepara- 
tions in  this  series  showed  contamination  with  bacteria,  and,  consequently,  only  a 
slight  and  transient  growth  of  corneal  epithelium.  Whether  or  not  bacteria  interfere 
with  the  growth  of  the  virus  in  tissue  cultures,  we  are  not  yet  prepared  to  say, 
since  contaminations  have  been  exceptional  in  our  experiments.  In  this  instance 
the  virus  was  probably  the  source  of  the  infection. 

*  Compl.  rcrui.  Soc.  dc  bioL,  igi3,  74,  p.  1794. 

*  Jour.  Infect.  Dis.,  IQ13,  13,  p.  294. 
J  Jour.  Inject.  Dis.,  1913, 12,  p.  202. 
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Virus  2193  was  diluted  i ;  15  in  Ringer's  solution  and  preparations  made  as  before. 
\ine  unincubated  slides  inoculated  in  the  skin  of  a  rabbit  gave  6  fiat  pustules.  Inocu- 
lation of  the  same  number  of  preparations  incubated  16  days  (contaminated)  produced 
58  well-developed  pustules. 


Fig.  I. — Skin  of  rabbit  showing  on  its  right  side  no  "take."  only  scars  from  shaving,  following 
inoculation  of  five  "immune"  preparations;  and  on  left  side,  a  confluent  "take"  from  inoculation  of 
control  preparations. 

These  two  experiments  show,  then,  that  in  spite  of  bacterial 
contamination,  which  may  conceivably  interfere  with  the  growth 
of  the  specific  microorganism,  the  virus  was  increased  six-  to 
tenfold  by  incubation  in  the  cornea  plasma  preparations.  In 
several  other  experiments  in  which  a  lower  dilution  of  the  virus 
was  used,  the  extent  of  growth  appeared  to  be  greater,  but  in  no 
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instance  has  the  growth  been  comparable  to  that  observed  in 
cultures  of  rapidly  growing  bacteria.  Irregularities  in  the  rate  of 
growth  are  to  be  expected,  since  they  occur  in  the  cultivation  of 
practically  all  of  the  known  microorganisms. 

The  method  used  here  for  estimating  the  degree  of  multiplica- 
tion has  been  shown  by  Calmette  and  Guerin'  to  be  reasonably 
accurate,  comparing  favorably  with  the  method  of  plating  for 
bacteria;  it  is  in  general  use  in  commercial  laboratories. 

NECESSITY    OF    LIVING    TISSUE    FOR    GROWTH    OF    VIRUS. 

We  have  shown  (first  paper)""  that  when  pieces  of  paraffin  are 
substituted  for  cornea  in  plasma  preparations,  no  growth  of  the 
virus  takes  place.  To  determine  whether  or  not  living  cornea  was 
necessary,  the  following  expermients  were  carried  out: 

Experiment  50J. — Virus  2186.  Diluted  1:5  in  Ringer's  solution.  The  pieces 
of  cornea  to  be  used  were  divided  into  two  lots;  those  in  the  first  lot  were  frozen  in 
an  ice-salt  mixture  at  -18°  C.  for  30  minutes,  and  were  then  used  tor  virus  cultures. 
The  unfrozen  tissue  was  used  in  control  preparations.  The  frozen  tissue  upon  incuba- 
tion showed  no  outgrowth  of  either  epithelium  or  connective  tissue  cells.  Nine  of 
these  preparations  incubated  12  days  gave  upon  inoculation  only  12-13  pustules;  the 
same  number  of  control  preparations  gave  a  confluent  "take"  composed  of  at  least 
300  pustules. 

Experiment  504. — Virus  2x85.  Diluted  1:5.  Pieces  of  cornea  were  placed  for 
45  minutes  in  weak  hypotonic  salt  solution  before  being  used.  Inoculation  of  9 
unincubated  preparations  gave  50-60  pustules.  Nine  slides  incubated  10  days  were 
negative  upon  inoculation.  There  was  also  no  "take"  following  the  inoculation  of 
S  slides  incubated  21  days.  Microscopic  examination  showed  that  there  was  no 
growth  of  corneal  tissue  in  any  of  the  preparations.  A  second  experiment  was  made 
at  the  same  time  using  cornea  killed  by  freezing  as  in  Experiment  503.  The  results 
were  practically  identical  with  those  just  recorded  for  cornea  killed  by  hypotonic 
salt  solution. 

These  three  experiments  indicate  that  the  vaccine  virus  does 
not  grow  in  preparations  containing  corneal  tissue  killed  by  freezing 
or  by  a  weak  hypotonic  salt  solution.  These  two  methods  of 
destroying  the  vitality  of  the  tissue  were  used  because  the  chemical 
changes  which  they  bring  about  are  very  slight.  The  results 
obtained  are  in  harmony  with  the  general  conception  of  the  close 
association  of  the  virus  with  living  body  cells. 

•  Ann.  de  VInsl.  Pasleur,  igos,  19,  p.  317. 
■  Op.  cit. 
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substitution  of  other  tissues  for  cornea. 

Pieces  of  heart,  liver,  and  kidney  were  used.  Since  the  technic 
employed  was  the  same  as  with  cornea,  it  seems  unnecessary 
to   describe    the    experiments    in    detail.     The    results    were    as 
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Fig.  2. — Tissue  culture  preparation  of  cornea  showing  outgrowth  of  a  sheet  of  epithelial  cells. 
Along  the  margin  the  sheet  is  only  one  cell  thick,  and  the  cell  boundaries  are  quite  distinct.  The  compact 
corneal  fragment  contains  small  oblong  nuclei. 

follows:  The  virus  died  out  quickly  in  the  Kver  preparations. 
This  was  due  no  doubt  to  the  action  of  bile,  which  has  been  shown 
to  be  highly  toxic  for  the  virus.  There  was  no  evidence  of  multi- 
plication in  the  heart  and  kidney  preparations;  on  the  contrary, 
there  seemed  to  be  a  gradual  weakening  of  the  virus.     Preparations 
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incubated  for  more  than  lo  days  were  found  to  be  practically 
inactive. 

USE   OF   PLASMA   AND   CORNEA   FROM   IMMUNE   ANIMALS. 

Immunity  was  established  in  a  rabbit  by  a  cutaneous  inocula- 
tion of  virus,  resulting  in  an  extensive  eruption.  Two  weeks 
later  the  animal  was  bled,  and  the  cornea  removed  for  use  in 
the  following  experiment. 

Experiment  4S6. — Virus  diluted  1:5.  Two  series  of  preparations  were  made: 
one,  with  plasma  and  cornea  from  an  irrmiune  animal;  the  other,  with  plasma  and 
cornea  from  a  normal  rabbit  (controls).  Inoculation  of  5  "immune"  preparations 
incubated  5  days  gave  a  completely  negative  result  (skin  of  rabbit,  right  side).  In- 
oculation of  same  rabbit  simultaneously  on  left  side  with  an  equal  number  of  control 
preparations  yielded  a  very  extensive  confluent  "take."  Repetition  of  this  e.xperi- 
ment  a  week  later  gave  a  similar  result.  In  both  experiments  there  were  excellent 
growths  of  corneal  epithelium. 

This  experiment  shows  that  the  virus  becomes  inactive  in  a 
short  time  in  preparations  containing  plasma  and  cornea  from  an 
immune  animal.  The  experiment  also  affords  good  proof  of  the 
adaptability  of  the  method  of  tissue  cultivation  for  the  demonstra- 
tion of  many  immunity  reactions  in  vitro. 

CONCLUSIONS. 

1.  The  virus  of  vaccinia  incubated  in  tissue  cultures  composed 
of  plasma  and  cornea  from  nonnal  rabbits  and  guinea-pigs  shows 
a  definite  increase,  but  the  degree  of  multipUcation  is  not  com- 
parable to  that  observed  in  cultures  of  rapidly  growing  bacteria. 

2.  There  is  no  growth  of  the  virus  in  preparations  containing 
cornea  killed  by  freezing  or  by  hypotonic  salt  solution. 

3.  There  is  no  evidence  of  the  growth  of  the  virus  in  preparations 
in  wliich  pieces  of  heart,  liver,  or  kidney  have  been  substituted 
'for  cornea. 

4.  The  virus  is  soon  rendered  inactive  in  preparations  contain- 
ing plasma  and  cornea  obtained  from  an  immune  animal.  The 
method  of  tissue  cultivation  is  well  adapted  for  the  demonstration 
of  immunity  reactions  in  vitro. 
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THE    INFLUENCE   OF    TEMPERATURE   AND    FLUID 

MEDIUM  ON  THE  SURVIVAL  OF  EMBRYONIC 

TISSUES  IN  VITRO.* 

By  ROBERT  A.  LAMBERT,  M.D. 

(From  the  Department  of  Pathology  of  Columbia  University,  College  of  Physi- 
cians and  Surgeons,  New  York.) 

The  object  of  this  report  is  to  present  briefly  the  results  of  studies 
upon  the  duration  of  hfe  of  embryonic  tissues  preserved  in  z'itro 
at  varying  temperatures  and  in  several  fluid  media,  the  method  of 
tissue  cultivation  being  used  to  determine  the  viability  of  the  tissue.^ 

There  are  many  reports  in  the  literature  concerning  the  survival 
of  tissues  and  organs  after  removal  from  the  body,  especially  of  the 
tissues  which  are  frequently  transplanted  surgically  in  human 
beings.  Wentscher  (i.),  for  example,  was  able  to  graft  pieces  of 
human  skin  preserved  for  twenty-two  days  in  vitro;  Ljunggren  (2) 
obtained  positive  results  with  skin  kept  for  thirty  days  in  tubes  of 
ascitic  fluid;  while  Carrel  (3)  reported  recently  that  he  had  been 
able  to  transplant  to  other  individuals  pieces  of  skin  removed  from 
a  child,  after  two  to  seven  weeks'  preservation  in  cold  storage;  the 
pieces  preserved  for  the  longer  period,  however,  were  not  uniformly 
successful. 

Similar  reports  have  been  made  regarding  the  preservation  of 
other  tissues.  Tuffier  (4)  transplanted  omentum  kept  for  one 
month  in  cold  storage;  Magitot  (5)  grafted  corneas  which  he  had 
preserved  for  eight  days;  and  Davis  (6)  obtained  good  results  with 
fascia  transplanted  after  being  stored  for  forty  days  at  32°  C. 

In  all  these  instances  the  survival  of  the  organs  or  tissues  was 
indicated  by  the  success  of  the  transplantation.  A  clinically  suc- 
cessful transplantation  does  not,  however,  prove  that  the  trans- 
planted cells  were  living,  for  Levin  and  Larkin  (7)  and  Carrel  (8) 

*  Received  for  publication,  June  5,  1913. 

1  For  details  of  the  technique  of  the  method,  see  Lambert,  R.  A.,  and  Hanes, 
F.  M.,  Jour.  Exper.  Med.,  1911,  xiii,  495;  xiv,  129. 
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have  shown  that  segments  of  killed  blood  vessel  may  be  successfully 
grafted,  the  dead  tissue  affording  a  temporary  but  competent  tube 
which  is  gradually  replaced  by  the  tissues  of  the  host.  It  may 
nevertheless  be  assumed  that  many  adult  tissues,  especially  skin  and 
structures  of  a  purely  connective  tissue  type,  are  able  to  survive, 
under  suitable  conditions,  for  days  or  even  weeks  after  removal 
from  the  body.  But  this  may  not  be  true  of  embryonic  tissues. 
Indeed,  Askanazy  (9)  found  in  his  transplantation  experiments  that 
the  tissues  of  rat  embryos  kept  in  the  ice  box  for  longer  than  eight 
days  gave  regularly  negative  results. 

In  our  investigations,  in  which  the  tissues  of  chick  and  rat 
embn-os  have  been  used,  the  results  as  regards  the  possible  duration 
of  life  in  vitro  and  the  influence  of  certain  factors  (temperature 
and  fluid  medium)  on  this  period  of  survival  have  been  so  definite 
that  it  seems  probable  that  the  points  brought  out  may  have  a  more 
general  application.  It  is  rather  on  this  account  than  because  of 
the  interest  of  the  results  themselves  that  this  report  is  made. 

EFFECT  OF  TEMPERATURE. 

The  technique  used  in  these  studies  was  quite  simple.  Small 
pieces  of  the  tissue  (chick  or  rat  embryo)  were  preserved  generally 
in  hanging  drop  plasma  preparations,  which  were  carefully  sealed 
with  vaselin.  The  slides  were  divided  into  groups  and  stored  at 
different  temperatures.  After  varying  periods  of  time  the  slides 
were  removed,  the  pieces  of  tissue  were  transferred  to  fresh  drops 
of  plasma,  and  the  new  preparations  were  incubated  at  37°  C.  This 
method  of  preserving  the  tissue  in  hanging  drop  slides  is  especially 
convenient  and  reduces  to  a  minimum  the  opportunity  for  infecting 
the  tissue  in  handling. 

Two  refrigerator  ice  boxes  were  used  in  the  majority  of  the  ex- 
periments. The  temperature  in  them  varied  somewhat  in  different 
seasons,  but  for  periods  of  one  to  three  weeks  the  variations  were 
not,  as  a  rule,  greater  than  2°  to  3°  C. 

The  first  series  of  experiments  was  carried  out  in  midwinter 
when  the  temperature  of  one  of  the  ice  boxes  was  as  low  as  —6° 
to  —  7°  C.     A  series  of  slides  containing  pieces  of  chick  embryo  was 
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stored  at  this  temperature ;  another  series  was  placed  in  a  north 
room  without  a  radiator,  in  which  the  temperature  during  the  course 
of  the  experiment  ranged  between  +12°  and  +14°  C.  After 
periods  of  from  two  to  sixteen  days,  pieces  of  tissue  from  both 
series  were  transferred  to  fresh  drops  of  plasma  and  incubated  at 
37.5°  C.  Since  the  freezing  point  of  chick  tissue  is  about  —7°  C, 
some  of  the  ice  box  specimens  were  found  to  be  frozen.  The  tissue 
from  none  of  these  grew  upon  incubation.  Tissue  from  the  un- 
frozen preparations  preserved  as  long  as  six  days  at  this  tempera- 
ture exhibited  active  growth  upon  incubation.  Eight  day  prepara- 
tions gave  only  occasional  growths,  while  tissue  preserved  ten  days 
or  longer  at  this  temperature  gave  uniformly  negative  results. 
Tissue  kept  eight  and  ten  days  at  room  temperature,  however, 
showed  active  growth,  as  did  also,  though  less  regularly,  twelve  day 
specimens;  sixteen  day  preparations  were  uniformly  negative. 
Repetitions  of  this  experiment  gave  practically  the  same  results. 

It  was  concluded,  therefore,  that  chick  tissues  may  be  preserved 
longer  at  cool  room  temperature  than  at  a  temperature  just  above 
the  freezing  point  of  the  tissues,  and,  further  that  the  limit  of 
survival  even  at  the  more  favorable  temperature  is  relatively  short 
(twelve  to  fourteen  days). 

A  second  series  of  experiments  was  carried  out  later  when  the 
temperature  in  the  two  refrigerator  ice  boxes  was  respectively  —  1° 
to  0°  C.  and  -|-  6°  to  -|-  7°  C.  The  temperature  at  this  time  in  the 
room  used  varied  from  -\-  18°  to  -f  21°  C.  The  tissue  was  pre- 
served, as  before,  in  the  form  of  fairly  small  fragments  in  plasma 
sealed  in  hanging  drop  slides.  Transfers  were  made  after  vary- 
ing intervals  up  to  twenty  days  as  in  the  previous  experiment. 
The  results  may  be  briefly  stated  as  follows:  The  tissue  preserved 
for  eight  days  at  — 0°  to  —1°  C.  showed  active  growth  upon 
incubation;  ten  day  preparations  were  viable  although  many  of  the 
transfers  were  negative,  and  the  positive  cultures  exhibited  a  rela- 
tively long  latent  period  (two  to  three  days).  Tissue  preserved 
for  a  longer  time  at  this  temperature  failed  to  grow.  Tissue  pre- 
served at  +  6°  to  +  7°  C,  on  the  other  hand,  was  regularly  found 
to  be  viable  after  twelve  to  fifteen  days,  and  some  of  the  sixteen 
and  eighteen  day  preparations  gave  a  fair  growth  upon  incubation. 
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Tissue  preserved  at  +  i8°  to  +21°  C.  survived  for  from  nine  to 
eleven  days ;  the  tissue  kept  for  a  longer  time  failed  to  grow. 

Stated  summarily,  then,  it  was  found  that  of  specimens  of  chick 
tissue  kept  at  temperatures  around  — 6°,  0°,  +6°,  +14°,  and 
+  20°,  those  at  +  6°  survived  longest;  temperatures  around  0°  and 
+  14°  were  about  equally  favorable.  Since  chick  tissues  survive 
freezing  at  • — 8°  to  — -10°  for  a  few  hours  at  most,  and  exposure 
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Text-fig.  i.  Chart  showing  the  approximate  periods  of  survival  of  embry- 
onic tissues  preserved  at  different  temperatures  between  — 20°  and  +35°C. 
Above  25°  C.  chick  tissues  exhibit  in  vitro  active  growth  which  may  be  main- 
tained for  an  indefinite  time.  The  last  segment  should  therefore  be  regarded  as 
incomplete. 


to  — 20°  for  a  few  minutes  only,  and  since  at  incubator  tempera- 
tures (30°  to  37°)  the  same  tissue  may  be  preserved  in  a  state  of 
active  life  for  many  weeks  or  even  months,  a  curve  plotted  to  show 
these  variations  in  length  of  life  at  dififerent  temperatures  would 
present  first  almost  a  horizontal  line,  then  a  sharp  rise,  then  a 
gradual  rise,  then  a  slow  decline,  followed  by  a  second  rise  (text- 
figure  i). 

The  experiments  upon  the  effect  of  temperature  were  repeated 
with  rat  embryonic  tissues  instead  of  chick  tissues.  The  findings 
were  in  general  the  same  as  with  chick  tissue.  At  0°  the  period  of 
survival  was  about  ten  days;  at  +6°,  a  few  days  longer.  Rat 
tissues  were  more  readily  killed  by  freezing. 
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EFFECT  OF  FLUID  MEDIUM. 

It  occurred  to  us  that  in  regard  to  the  medium  used  there  might 
be  at  least  two  factors  influencing  the  duration  of  Hfe  of  the  tissue: 
first  the  kind  of  medium,  and  secondly  the  quantity  of  fluid  used 
in  proportion  to  the  amount  of  tissue.  Four  isotonic  fluids  were 
used  as  media :  plasma,  unmodified  or  diluted  blood  serum,  Ringer 
solution,  and  physiological  salt  solution  (0.85  per  cent,  sodium 
chloride).  The  same  technique  was  used  as  in  the  temperature 
experiments,  except  that  in  some  instances  instead  of  making  hang- 
ing drop  preparations,  the  tissue  and  fluid  were  placed  in  the  bottom 
of  the  cavity  slides  and  sealed  as  before.  The  specimens  were  kept 
at  0°  and  +  6°  C. 

It  was  found,  in  brief,  that  the  duration  of  life  was  not  ap- 
preciably influenced  by  the  use  of  the  different  fluids.  It  seemed 
conceivable,  however,  that  although  the  kind  of  isotonic  medium 
might  be  without  effect,  the  relative  quantity  of  fluid  used  and  the 
size  of  the  tissue  fragments  might  exert  an  important  influence. 
It  seemed  logical  to  suppose  that  a  larger  quantity  would  allow  the 
dilution  of  the  waste  products  of  tissue  metabolism,  thus  favoring 
a  longer  period  of  survival.  To  test  this  hypothesis  small  pieces  of 
embryo  were  preserved  in  dishes  containing  50  to  100  cubic  centi- 
meters of  Ringer  solution  or  diluted  blood  serum,  and  entire 
embryos  were  placed  in  another  dish  containing  only  enougli  fluid 
to  cover  the  surface  of  the  embryo.  Pieces  of  tissue  were  also 
placed  in  dishes  wrapped  in  gauze  moistened  with  Ringer  solution. 

Subsequent  transfers  of  the  tissue  showed  little  or  no  difference 
in  the  duration  of  life  under  the  several  conditions.  In  one  experi- 
ment the  tissue  preserved  in  the  form  of  entire  embryos  with  very 
little  fluid  survived  three  days  longer  than  the  tissue  divided  into 
small  fragments  in  a  large  dish  of  fluid,  a  result  contraiy  to  what 
our  working  hypothesis  led  us  to  expect.  It  seemed  probable  that 
the  better  preservation  in  the  first  case  was  not  due  to  the  smaller 
amount  of  fluid  used  but  to  the  slighter  mechanical  injury  which  the 
larger  piece  of  tissue  suft'ered  in  handling. 
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CONCLUSIONS. 

1.  Embryonic  chick  and  rat  tissues  preserv^ed  at  temperatures 
ranging  from  — 7°  to  +20°  C.  live  longest  at  about  +6°  C. 
The  duration  of  life  under  the  most  favorable  conditions  is  less 
than  twenty  days. 

2.  The  kind  of  isotonic  medium  used, — plasma,  serum.  Ringer 
solution,  or  normal  salt  solution, — does  not  appreciably  influence  the 
period  of  sur\'ival.  The  quantity  of  medium  in  proportion  to  tissue 
is  similarly  without  marked  effect. 
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THE  EFFECT  OF  DILUTION  OF  PLASMA  MEDIUM  ON 
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Plates  43  to  45. 

Since  the  method  of  cuhivating  tissues  in  vitro  will  no  doubt 
be  used  in  investigating  the  action  of  various  substances  on  the 
growth  and  function  of  cells,  it  is  important  that  the  influence  on 
cells,  growing  under  these  conditions,  of  certain  easily  modified 
physical  and  mechanical  factors  should  be  understood.  The  im- 
portance of  these  factors  is  indicated  by  the  fact  that  so  simple  a 
matter  as  the  thickness  of  the  hanging  drop  of  plasma  influences 
markedly  the  extent  of  the  outgrowth  of  cells  from  the  original 
fragment  of  tissue. 

In  a  former  paper'  we  discussed  the  influence  of  temperature, 
including  the  effect  of  variations  in  the  temperature  of  incubation  as 
well  as  the  effects  of  exposure  of  the  cultures  to  high  and  low  tem- 
peratures before  incubation.  In  the  present  paper  we  shall  consider 
the  influence  of  another  physical  factor,  namely  dilution  of  the 
plasma  medium,  on  the  behavior  of  cells  in  cultures.  Carrel  and 
Burrows^  (1911)  were  the  first  to  describe  the  eft'ect  of  dilu- 
tion with  distilled  water  on  cell  wandering,  and  the  subject  was  also 
discussed  in  a  recent  paper  by  Burrows^  (1913).  Some  of  the 
work  reported  in  this  paper  was  begun  soon  after  the  appearance  of 
the  experiments  of  Carrel  and  Burrows,  with  the  object  of  testing 
the  correctness  of  the  interpretation  of  their  results  regarding  the 

*  Received  for  publication,  January  24,   1914. 
'Lambert,  R.  A.,  Anat.  Rec.,  1912,  vi,  91. 

-Carrel,  A.,  and  Burrows,  M.  T.,  Jour.  Exper.  Med.,  191 1,  xiii.  562. 
3  Burrows,  M.  T.,  Tr.  Cong.  Am.  Phys.  and  Surg.,  1913,  ix,  77. 
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stimulating  action  of  hypotonic  plasma.  Later,  the  use  of  the 
method  of  dilution  for  the  study  of  the  accumulation  of  fat  by  cells 
in  vitro  was  suggested  to  us,  and  further  experiments  with  this  aim 
in  view  were  carried  out.  We  shall  report  here  the  results  of  two 
sets  of  experiments,  (i)  upon  the  effect  of  dilution  on  the  migra- 
tion and  multiplication  of  cells  in  cultures,  and  (2)  upon  the  etTect 
of  dilution  on  the  accumulation  of  fat  by  cells  in  cultures. 

THE  EFFECT  OF  DILUTION  OF  PLASMA  ON  THE  MIGRATION  AND 
MULTIPLICATION  OF  CELLS. 

Carrel  and  Burrows^  reported  that  the  addition  of  a  limited 
quantity  of  water  to  chick  plasma  caused  a  more  extensive  outwan- 
dering  of  cells  in  cultures  of  chick  embryo  spleen.  They  also  ob- 
served that  the  addition  of  hypertonic  salt  solutions  was  harmful. 
The  stimulating  effect  in  the  first  instance  was  attributed  to  the  hypo- 
tonic state  of  the  medium.  No  experiments  with  isotonic  solu- 
tions as  diluents  were  made.  Burrows  has  recently  published  the 
results  of  studies  upon  the  effect  of  the  addition  of  such  solutions. 
A  summary  of  his  work  is  given  below  in  connection  with  the  re- 
sults that  we  have  obtained. 

We  have  repeated  the  experiments  of  Carrel  and  Burrows  with 
hypotonic  plasma,  preparing  at  the  same  time  cultures  in  plasma 
diluted  with  serum  and  with  Ringer's  solution.  In  addition  to  chick 
embryo  spleen,  we  have  used  for  cultivation  chick  embryo  heart, 
bone  marrow  and  intestine,  rat  embryo  skin,  and  mouse  carcinoma. 

The  Effect  of  Dilution  on  the  Migration  of  Cells. — The  first  ex- 
periments consisted  in  the  preparation  of  cultures  of  chick  embryo 
spleen  in  the  following  media:  (i)  undiluted  plasma,  (2)  plasma 
diluted  with  distilled  water  in  the  proportion  of  3  to  2  (the  optimum 
medium  of  Carrel  and  Burrows),  (3)  plasma  similarly  diluted  with 
Ringer's  solution,  and  (4)  with  serum,  and  (5)  plasma  diluted  with 
serum  in  the  proportion  of  i  to  2. 

Care  was  taken  to  have  the  pieces  of  tissue  of  uniform  size,  and 
the  drops  of  plasma  of  as  nearly  uniform  thickness  as  possible. 
Ten  preparations  were  made  with  each  medium.  At  the  end  of 
forty-eight   hours'    incubation,   after   which    time   experience    had 

*  Carrel,  A.,  and  Burrows,  M.  T.,  loc.  cit. 
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shown  that  httle  further  migration  of  spleen  cells  took  place,  the 
cover-glasses  with  the  clots  attached  were  placed  in  formalin  and 
later  mounted  on  slides.  With  a  projection  drawing  apparatus 
rough  drawings  were  made  in  which  the- pieces  of  tissue  and  the 
halos  of  migrated  cells  were  outlined.  By  taking  the  average  of  the 
radii  of  the  tissue  fragments  and  the  average  width  of  the  cell  halos, 
a  composite  drawing  for  each  series  of  preparations  was  constructed. 
\Miile  the  cultures  in  a  single  series  differed  little  from  one  another, 
the  composite  drawings  of  the  several  series  showed  certain  differ- 
ences (figures  I,  2,  3,  4,  and  5).  The  most  extensive  migration  is 
seen  to  have  taken  place  in  the  plasma  diluted  with  two  volumes  of 
serum.  There  is  little  dift'erence  in  the  extent  of  migration  about 
the  pieces  of  tissue  in  plasma  diluted  with  the  smaller  quantities  of 
serum.  Ringer's  solution,  and  water,  although  in  each  the  outwan- 
dering  was  more  extensive  than  in  the  controls  in  undiluted  plasma. 
In  other  words,  the  most  active  migration  took  place  in  the  plasma 
diluted  with  the  largest  quantity  of  fluid,  and  not  in  the  medium 
made  hypotonic  by  the  addition  of  distilled  water.  This  result  is  in 
agreement  with  the  recent  work  of  Burrows  in  which  he  found  that 
the  extent  of  migration  of  spleen  cells  in  plasma  diluted  with  vary- 
ing quantities  of  serum  increases  with  the  amount  of  serum  added. 
The  effect  is  attributed  to  the  diminution  in  the  amount  of  fibrin  in 
the  clots.  Since  this  reduction  in  fibrin  results,  in  the  beginning  at 
least,  in  a  coarser  meshwork  in  the  clot,  the  explanation  of  the  in- 
creased migration  of  cells  would  seem  _to  lie  in  the  diminished  re- 
sistance to  the  progressive  movements  of  the  cells.  In  order  to  test 
this  explanation  several  other  tissues  were  used,  including  chick 
embryo  heart,  intestine  and  bone  marrow,  rat  embryo  skin,  and 
mouse  carcinoma,  the  cells  of  which  vary  considerably  in  their 
migratory  ability. 

Briefly  stated,  it  was  found  that  cells  which  are  relatively  small 
and  actively  motile,  such  as  those  of  the  bone  marrow  and  spleen, 
show  increased  migration  in  diluted  plasma,  whereas  cells  whose 
power  of  locomotion  is  limited,  such  as  those  of  intestinal  epithe- 
lium, rat  embryo  skin,  and  mouse  carcinoma,  which  tend  to  spread 
out  slowly  in  cultures  in  groups  or  large  sheets,  are  not  influenced 
by  dilution  of  the  medium.     Cells  which  occupy  a  midway  position 
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in  the  matter  of  motility,  such  as  connective  tissue  cells,  are  only 
slightly  influenced  in  this  way.  The  mechanical  explanation  of  di- 
minished resistance  to  active  cell  locomotion  offered  by  the  coarser 
fibrin  meshwork  seems  to  us  to  account  for  these  results. 

Tlie  Effect  of  Dilution  on  Cell  Multiplication. — An  analysis  of 
the  results  suggests  other  criteria  for  determining  a  true  stimulat- 
ing effect  on  tissue  cultures  than  the  extent  of  the  outwandering  of 
cells  through  the  clot.  It  occurred  to  us  that  the  extent  of  cell 
multiplication,  as  determined  by  the  number  of  cells  that  undergo 
division  in  the  preparations  in  a  given  time,  would  afford  a  much 
more  satisfactory  test.  As  we  have  pointed  out,  all  stages  of 
mitotic  division  can  be  observed  with  comparative  ease  in  the  living 
cell.  Since  division  at  body  temperature  is  completed,  as  a  rule,  in 
from  twenty  to  thirty  minutes,  the  number  of  mitoses  in  a  prepara- 
tion may  be  hourly  recorded  without  danger  of  counting  the  same 
cell  twice.  By  making  observations  on  small  groups  of  prepara- 
tions from  the  several  series  over  a  period  of  twenty-four  hours  or 
longer  it  is  possible  to  arrive  at  a  definite  conclusion  as  to  which 
series  shows  the  most  active  multiplication  of  cells.  We  have 
studied  cultures  of  chick  embryo  heart  in  pure  plasma  and  in  plasma 
diluted  with  water  and  with  Ringer's  solution  in  the  proportions 
given  above.  There  were  five  preparations  in  each  set.  Each  prep- 
aration was  examined  six  times  during  a  period  of  forty-eight 
hours.  The  total  number  of  mitoses  for  each  of  the  three  sets  in 
the  order  stated  was,  88,  96,  and  81.  In  another  experiment  in 
which  four  observations  were  made  the  total  numbers  were,  76.  62, 
and  70.  We  concluded  from  these  two  experiments  that  dilution  of 
plasma  within  these  limits  is  without  appreciable  effect  on  cell  multi- 
plication. 

THE   EFFECT  OF   DILUTION   ON   THE   ACCUMULATION    OF   FAT   BY 

THE  CELLS. 

In  previous  communications  we  have  referred  to  the  appearance 
in  the  cells  of  tissue  cultures  of  small  droplets  of  fat  which  tend  to 
increase  in  size  and  number  with  the  age  of  the  culture.  After  five 
to  seven  days  the  cells  may  be  actually  distended  with  the  droplets. 
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We®  reported  observations  which  seemed  to  show  that  the  accumula- 
tion was  in  all  probability  the  result  of  a  disturbance  in  cell  metab- 
olism. There  was  evidence  that  the  vitality  of  the  cells  was  not 
seriously  impaired,  since  they  were  seen  to  move  about  actively  and 
to  undergo  normal  mitotic  division.  We  also  observed  that  cells 
growing  in  a  thin  drop  of  plasma  accumulated  less  fat  than  those  in 
a  thick  coagulum.  This  phenomenon  can  be  easily  demonstrated  in 
a  single  preparation  by  shaking  the  drop  of  plasma  before  coagula- 
tion takes  place,  causing  the  drop  to  touch  the  slide  cavity,  and  then 
by  manipulating  the  tissue  fragment  so  that  it  lies  along  the  inner 
edge  of  the  drop.  The  cells  that  grow  in  one  direction  into  the 
thick  clot  accumulate  a  large  quantity  of  fat  in  their  cytoplasm, 
while  those  growing  in  the  other  direction  in  the  thin  film  of  medium 
on  the  cover-glass  accumulate  very  little  fat.  It  is  difficult  to  say 
whether  this  difference  in  fat  accumulation  is  due  to  the  difference 
in  the  quantity  of  fat  at  the  disposal  of  the  cells,  or  to  a  difference 
in  oxygen  supply  to  the  cells  under  the  two  conditions,  as  has  been 
suggested  by  Burrows. 

Several  methods  suggested  themselves  for  testing  the  effect  of  a 
reduction  in  the  quantity  of  fat  in  the  medium  on  the  amount  of  fat 
accumulated  by  the  cells :  ( i )  the  removal  of  the  fat  by  extraction 
with  ether  or  chloroform;  (2)  the  use  of  an  artificial  fat-free  me- 
dium, such  as  agar  or  salt  solutions,  in  which  Lewis'''  states  that 
embryonic  chick  cells  will  grow  for  a  time;  and  (3)  the  use  of 
plasma  in  which  the  amount  of  fat  has  been  reduced  by  dilution  with 
Ringer's  or  physiological  salt  solution.  The  first  method  was  found 
impracticable  because  prolonged  shaking  of  serum  with  pure  ether 
or  chloroform  seemed  to  produce  some  change,  probably  in  the 
serum  proteins,  as  the  result  of  which  the  serum  even  when  com- 
bined with  sufficient  plasma  to  cause  clotting  did  not  afford  a  satis- 
factory culture  medium.  The  second  method  could  not  be  success- 
fully used,  because,  after  washing  the  tissue  fragments  in  salt  solu- 
tion to  remove  the  tissue  lymph  before  preparing  the  cultures,  it  was 
found  that  the  cells  in  the  outgrowths  lived  only  eighteen  to  twenty- 

^  Lambert,  R.  A.,  and  Hanes,  F.  M.,  Vircbows  Arch.  f.  path.  Anat.,  1913, 
ccxi,  100. 

*  Lewis,  M.  R.,  and  Lewis,  \V.  H.,  Bull.  Johns  Hopkins  Hosp.,  1911,  xxii,  126. 
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four  hours ;  that  is,  not  long  enough  to  make  comparative  observa- 
tions. Very  little  fat  is  present  in  the  pure  plasma  preparations  at 
the  end  of  twenty-four  hours'  incubation.  We  therefore  resorted  to 
the  use  of  the  third,  or  dilution  method.  Dilutions  of  chick  plasma 
in  Ringer's  solution  were  made  in  the  following  proportions :  i 
part  of  plasma  to  2,  5,  10.  12,  15,  and  20  parts  of  Ringer's  solution. 
Clotting  was  not  interfered  with  by  the  high  dilution  of  the  plasma, 
although  the  coagula  formed  by  drops  of  the  i  to  15  and  i  to  20 
dilutions  were  often  not  firm. 

It  was  found  that  cells  from  pieces  of  chick  embryo  heart,  previ- 
ously washed  in  salt  solution,  showed  active  migration  and  multi- 
plication in  each  of  the  diluted  media.  However,  those  growing 
in  the  i  to  20  medium  underwent  early  disintegration,  frequently 
in  less  than  twenty  hours.  The  lower  dilutions  only  were  therefore 
used  in  the  majority  of  the  experiments.  A  single  protocol  will  be 
sufficient  to  show  the  effect  of  dilution  on  the  accumulation  of  fat 
by  the  cells ;  for  it  was  found  that  when  proper  care  was  exercised 
in  the  preparation  of  the  cultures,  including  the  thorough  washing 
of  the  pieces  of  tissue  to  prevent  a  relatively  great  modification  of 
the  dilution  from  the  addition  of  tissue  lymph,  and  in  the  care  of  the 
instruments  and  glassware  used,  the  results  in  a  number  of  experi- 
ments were  practically  uniform. 

Experiment  iii-^. — Plasma  was  obtained  by  bleeding  a  fowl  from  the  wing 
vein.  The  heart  of  a  ten  day  chick  embryo  was  cut  into  small  pieces  of  the  size 
suitable  for  culture  preparations.  Dilutions  of  plasma  were  made  by  adding 
I  part  to  2,  S,  10,  12,  and  15  parts  of  Ringer's  solution.  Ten  pieces  of  tissue 
were  put  up  in  each  medium,  including  undiluted  plasma. 

All  preparations  upon  examination  after  twenty-four  hours  showed  the  usual 
radial  extension  of  spindle  and  irregularly  shaped  cells.  Small  droplets  of  fat 
were  visible  in  the  cells  in  pure  plasma  and  in  those  in  the  i :  2  and  i :  5  dilu- 
tions; only  occasional  granules  were  seen  in  the  preparations  of  the  remain- 
ing series.  After  forty-eight  hours  the  diflferences  were  more  striking.  There 
was  a  marked  increase  in  the  number  and  size  of  the  granules  in  the  cells  in 
pure  plasma  and  in  the  1:2  dilution.  In  the  1 :  5  dilution  the  cells  showed  a 
moderate  amount  of  fat,  but  decidedly  less  than  those  in  undiluted  plasma. 
Those  growing  in  the  higher  dilutions  were  practically  free  from  fat.  Three  of 
the  preparations  from  each  series  w^ere  fixed  in  formalin  at  this  time  in  order 
that  the  observations  on  the  living  cells  could  be  verified  by  staining  with  Sudan 
III  (figures  6  and  7).  Some  of  the  preparations  in  diluted  media  became  disin- 
tegrated on  the  third  and  fourth  days.  Those  remaining  alive  as  long  as  four 
days  presented  striking  pictures  when  compared  with  the  controls,  the  former 
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showing  only  occasional  granules  of  fat,  while  in  the  latter  the  cells  appearec 
distended  with  numerous  large  droplets. 

In  order  to  exclude  the  possibility  that  in  the  diluted  plasma  the 
diminution  in  the  amount  of  fibrin  might  have  influenced  in  some 
way  the  fat  metabolism  of  the  cells,  plasma  diluted  with  serum 
instead  of  salt  solution  was  used  in  another  set  of  experiments.  It 
was  found  that  the  accumulation  of  fat  under  these  circumstances 
was  practically  the  same  as  in  undiluted  plasma.  Repetitions  of 
these  experiments,  including  several  in  which  pigeon  spleen  and 
mouse  carcinoma  were  used,  gave  results  that  varied  little  from 
those  just  stated.  Two  further  observations,  however,  should  be 
mentioned.  First,  it  was  occasionally  observed  that  some  of  the 
cells  that  wandered  farthest  into  the  clot  of  highly  diluted  plasma 
showed  a  small  number  of  rather  large  fat  droplets,  while  the  cells 
in  the  denser  outgrowth  immediately  about  the  tissue  fragment  were 
practically  fat-free ;  secondly,  in  a  few  of  the  preparations  in  diluted 
plasma  in  which  the  outgrowth  consisted  of  only  fifteen  to  twenty 
cells,  these  cells  contained  more  fat  than  those  in  preparations  show- 
ing a  luxuriant  outgrowth.  These  observations  seem  to  be  in  har- 
mony with  the  findings  stated,  for  it  may  be  assumed  that  if  the 
number  of  cells  in  a  culture  or  in  a  particular  area  of  the  clot  is  small 
the  fat  supply  for  these  cells  is  relatively  greater. 

It  has  therefore  been  concluded  that  the  effect  of  dilution  of  the 
plasma  with  salt  solutions  reduces  the  quantity  of  fat  accumulated 
by  the  cells  by  reducing  the  quantity  of  fat  in  the  medium. 

SUMMARY. 

1.  Dilution  of  plasma  with  isotonic  solutions  causes  a  more  ex- 
tensive migration  in  cultures  of  cells  of  the  actively  migratory  type, 
such  as  those  of  spleen  and  bone  marrow.  Dilution  with  a  limited 
quantit}'  of  distilled  water  produces  the  same  effect.  Less  actively 
motile  cells  are  influenced  little  or  not  at  all  by  dilution.  The  effect 
on  cells  of  the  first  type  is  probably  due  to  the  reduction  in  the  quan- 
tity of  fibrin  in  the  clot  producing  lessened  resistance  to  cell  loco- 
motion. 

2.  Dilution  of  plasma  with  either  isotonic  solutions  or  distilled 
water  is  without  effect  on  cell  multiplication,  as  is  shown  by  records 
of  the  number  of  mitoses  in  living  culture  preparations. 
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3.  Dilution  of  plasma  with  suitable  quantities  of  Ringer's  solu- 
tion causes  a  marked  diminution  in  the  quantity  of  fat  accumulated 
by  the  cells.  This  reduction  is  to  be  attributed  to  the  decrease  in 
the  quantity  of  fat  in  the  medium.  The  accumulation  of  fat  by  cells 
in  cultures  is  therefore  not  to  be  regarded  as  the  result  of  a  cell  de- 
generation, but  as  an  accumulation,  the  source  of  the  fat  being  the 
medium  in  which  the  cells  are  growing. 


.    EXPLAN.^TION    OF    PLATES. 
Pl.\te  43. 

Drawings  showing  the  extent  of  migration  of  spleen  cells  in  undiluted  chick 
plasma  and  in  plasma  diluted  with  serum  and  with  salt  solutions. 
Fig.  I.     In  undiluted  chick  plasma  (control). 


Fig.  2 
Fig.  3 
Fig.  4, 
Fig.  5 


In  plasma  diluted  with  serum  in  the  proportion  of  3 :  2. 
In  plasma  diluted  with  distilled  water  in  the  same  proportion. 
In  plasma  diluted  with  Ringer's  solution  in  the  same  proportion. 
In  plasma  diluted  with  serum  in  the  proportion  of  1:2. 


Plate  44. 

Fig.  6.  Three  day  culture  of  chick  embryo  heart  in  undili;ted  plasma.  Stained 
with  hematoxylin  and  Sudan  III  to  show  the  accumulation  of  fat  by  the  cells. 

Plate  45. 

Fig.  7.  Three  day  culture  of  chick  embryo  heart  in  plasma  diluted  with 
Ringer's  solution  in  the  proportion  of  1 :  15.  The  staining  shows  that  fat  gran- 
ules are  practically  absent.  It  is  also  to  be  observed  that  the  cells  are  smaller 
and  stain  somewhat  more  deeply  with  hematoxylin  than  in  the  control  preparation. 
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(Lambert:  Growth  of  Cells  in  Tissue  Cultures.) 
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A  NOTE  ON  THE  SPECIFICITY  OF  CYTOTOXINS.* 

By  ROBERT  A.  LAMBERT,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  A'ew  York.) 

Since  Metchnikoff  and  Landsteiner,  working  independently,  demonstrated  in 
the  serum  of  rabbits  treated  with  guinea  pig  spermatozoa  the  development  of 
substances  which  immobilized  and  dissolved  spermatozoa  more  or  less  com- 
pletely, many  attempts  have  been  made  to  obtain  cytotoxic  sera  specific  for  the 
different  types  of  body  cells. 

It  was  early  shown  by  von  Dungern  (i)  that  if  rabbits  were  injected  with 
the  tracheal  epithelium  of  cattle,  the  serum  of  the  treated  animals  developed  the 
power  of  causing  the  rapid  disintegration  of  epithelial  cells  of  that  kind.  He 
showed  further  that  the  serum  was  lytic  for  bovine  erythrocytes,  but  that  the 
antibodies  possessed  a  greater  affinity  for  tracheal  epithelium.  Metchnikoff  (2) 
found  that  his  spermatoxic  serum  was  likewise  hemolytic,  but  he  maintained 
that  the  hemolytic  power  developed  as  the  result  of  the  injection  of  hemo- 
lytic receptors.  Later  investigators  have  obtained  cytotoxic  sera  by  injecting 
into  animals  of  a  foreign  species  the  cells  of  practically  every  tissue  of  the  body; 
leucocytes  (Metchnikoff  (3),  Besredka  (4)),  liver  (Delezenne  (5),  Deutsch 
(6)),  kidney  (Lindemann(7),  Nefedieff  (8),  Bierry  (9),  Ascoli  and  Figari 
(10)),  pancreas  (Surmont  (il)),  adrenal  (Bigart  and  Bernard  (12)),  thyroid 
(Gontscharukov  (13),  Mankovski  (14)),  heart  muscle  (Centanni  (15)),  ovary 
(Ceconi  and  Robecchi  (16)),  nervous  tissue  (Delezenne  (i/)),  (Centanni  (18)), 
syncytium  (Ascoli  (19),  Liepmann  (20)),  etc. 

Several  methods  have  been  employed  for  testing  the  immune  sera  as  regards 
their  specificity  for  the  particular  cells  used  as  antigens.  The  methods  of  ex- 
posing cell  emulsions  to  the  action  of  the  serum,  as  used  by  von  Dungern  in  his 
trichotoxin  studies,  and  by  Flexner  and  Noguchi  (21)  in  studies  upon  the  action 
of  snake  venom  on  various  organ  cells,  has  not  been  found  satisfactory  for 
testing  the  specificity  of  cytotoxins.  This  may  be  due  to  the  fact  that  one  is 
dealing  with  the  action  of  antibodies  on  dead  and  dying  cells  instead  of  on 
living  functioning  ones. 

The  technique  which  has  been  generally  used  consists  in  injecting  the  immune 
serum  into  the  animal  body,  either  subcutaneously,  intraperitoneally,  intrave- 
nously, or  into  arteries  leading  to  particular  organs.  Functional  disturbances 
and  histological  changes  in  various  organs  have  served  as  criteria  for  determin- 
ing the  degree  of  specificity.  More  recently  several  other  methods  have  been 
used,  especially  complement  deviation  and  the  epiphanin  reaction.  The  results 
with  the  use  of  these  methods  are  briefly  summarized  below. 

Cytotoxic  sera  obtained  by  injecting  the  cells  of  an  organ  into  an  animal  of  a 
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foreign  species  are  relatively  specific  for  the  species  from  which  the  antigen 
was  derived;  that  is,  serious  or  fatal  symptoms  develop  when  animals  of  that 
species  are  treated  with  suitable  quantities  of  the  serum.  Animals  of  other 
species  are  not,  as  a  rule,  so  affected.  These  antibodies  are  spoken  of  as  show- 
ing species  specificity.  Reports  are  conflicting  as  to  whether  or  not  they  are  to 
any  degree  specific  for  the  particular  organs  or  tissues  used  as  antigens.  That 
an  absolute  organ  specificity  does  not  exist  is  generally  admitted,  but  many 
authors  maintain,  especially  from  a  study  of  the  lesions  found  in  injected  ani- 
mals, that  a  relative  specificity  can  be  demonstrated.  Liidke  and  Schiiller  (22), 
for  example,  in  a  recent  paper  describe  the  production  in  dogs  of  a  true  nephritis 
with  insignificant  lesions  in  organs  other  than  the  kidney  by  the  injection  of 
the  serum  of  rabbits  immunized  with  dog  kidney.  Pearce  (23),  however,  called 
attention  to  the  fact,  several  years  ago,  that  often  the  most  striking  lesions 
that  one  finds  after  the  injection  of  a  cytotoxic  serum  may  be  referable  not  to 
a  direct  toxic  action  on  certain  parenchymatous  cells,  but  to  the  hemaggluti- 
native  and  hemolytic  properties  of  the  serum,  causing  thrombosis,  embolism,  and 
hemorrhages,  with  secondary  necroses  in  organs.  Pearce  argues  further  that 
since  the  cells  of  different  organs  evidently  have  certain  receptor  characteristics 
in  common,  it  is  hardly  conceivable  that  specific  somatogenic  cytotoxins  can 
be  produced. 

Beebe  (24)  has  suggested  that  by  the  use  of  nucleoproteids  instead  of  whole 
cells  as  antigens  a  closer  approach  to  specificity  can  be  reached.  Wells  (25), 
however,  has  recently  pointed  out  that  Beebe's  suggestion  is  based  on  the  false 
assumption  that  the  nucleoproteids  constitute  the  most  important  and  most 
specific  part  of  the  cell. 

Apart  from  its  biological  interest  the  problem  is  important  on 
account  of  its  bearing  on  the  possibility  of  treating  certain  diseases, 
particularly  cancer  and  exophthalmic  goitre,  with  specific  cyto- 
toxic sera. 

EXPERIMENTAL    PART. 

We  have  used  a  technique  which  appears  to  possess  some  ad- 
vantages over  previous  methods ;  namely,  the  cultivation  of  tissues 
in  vitro.  By  this  method,  as  was  suggested  in  a  former  communi- 
cation (26),  active  living  cells  may  be  exposed  to  the  action  of 
immune  sera,  under  conditions  where  the  effects  of  such  disturbing 
factors  as  agglutination,  thrombosis,  and  hemorrhages  can  be 
eliminated. 

Unfortunately  the  tissues  that  have  been  generally  used  by  work- 
ers with  other  methods — liver,  kidney,  and  other  parenchymatous 
organs, — can  not  be  cultivated  satisfactorily  in  tissue  cultures  and 
therefore  can  not  be  utilized  in  experiments  with  the  new  technique. 
After  a  consideration  of  the  tissues  that  might  be  used,  rat  sarcoma 
and  rat  embryo  skin  were  chosen. 
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The  next  consideration  was  the  choice  of  a  foreign  species  which 
could  be  used  for  immunization  against  these  tissues.  It  was  nec- 
essary that  two  conditions  be  fulfilled :  first,  the  plasma  from  normal 
animals  of  the  species  should  be  a  suitable  culture  medium  for  rat 
tissues ;  and  secondly,  the  animals  should  react  well  to  the  injec- 
tions, that  is,  they  should  develop  a  strong  cytotoxic  serum.  Guinea 
pigs  fulfilled  these  two  conditions.  Two  groups  of  guinea  pigs 
were  therefore  injected,  one  with  sarcoma,  the  other  with  rat  embryo 
skin.  Plasma  from  the  two  sets  of  animals  was  later  used  for 
tissue  cultures  for  both  sarcoma  and  skin. 

Ext>eriment  I. — The  tissue  for  injection  was  prepared  as  follows:  A  sarcoma 
rat  was  bled  to  death  and  the  tumor  removed  aseptically.  The  tumor  tissue, 
which  was  extremely  friable  but  not  necrotic  was  cut  up  with  scissors  and 
washed  with  physiological  salt  solution  to  remove  the  excess  of  blood.  The 
embryo  skin  was  obtained  from  embryos  near  term.  The  skin  was  carefully 
dissected  off,  washed  in  salt  solution,  and  finely  divided.  Very  little  blood  was 
present. 

Guinea  pig  i  was  inoculated  subcutaneously  through  a  Bashford  needle  with 
0.15  gm.  of  rat  sarcoma.  Guinea  pig  2  received  a  similar  amount  of  embryo 
skin.  Ten  days  later  a  second  injection  in  each  animal  was  made.  Twelve  days 
after  the  second  injection  each  animal  was  bled  according  to  the  technique  pre- 
viously described  (27)  and  plasma  was  obtained  for  tissue  cultures.  A  normal 
guinea  pig  was  also  bled  to  obtain  plasma  for  control  preparations.  Six  series 
of  preparations  were  made  composed  of  rat  sarcoma  and  rat  embryo  skin  in 
plasma  from  each  of  the  three  guinea  pigs.  Each  series  was  composed  of  fifteen 
preparations.  They  were  incubated  at  37°  C.  and  examined  daily.  The  controls 
of  both  sarcoma  and  skin  in  normal  guinea  pig  plasma  showed  after  twenty-four 
hours  an  active  outwandering  of  cells  among  which  mitotic  figures  were  fre- 
quent. At  the  end  of  forty-eight  hours  growth  was  luxuriant  in  practically 
every  preparation.  The  preparations  containing  immune  plasma  were,  on  the 
contrary,  much  less  active,  though  the  majority  showed,  especially  on  the  third 
and  fourth  days,  a  fair  outwandering  of  cells.  A  slight  but  definite  difi^erence 
was  noted  in  the  behavior  of  both  kinds  of  tissue  in  the  plasma  from  the  two 
treated  animals.  For  each  tissue  there  was  a  more  marked  inhibition  of  growth 
in  the  plasma  from  guinea  pig  I,  injected  with  sarcoma,  than  in  the  plasma  from 
the  animal  treated  with  embryo  skin. 

Experiment  2. — In  order  to  secure  a  higher  degree  of  immunization  than  was 
obtained  in  the  first  experiment,  it  was  decided  to  use  larger  doses  of  tissue  for 
injection.  Guinea  pig  3  received  subcutaneously  0.65  gm.  of  rat  sarcoma.  Guinea 
pig  4  received  a  similar  quantity  of  embryo  skin,  prepared  as  in  experiment  i. 
Twelve  days  later  plasma  was  obtained  in  the  usual  way  from  each  animal,  and 
from  a  third  control  normal  guinea  pig.  Small  pieces  of  sarcoma  and  skin  were 
put  up  in  the  three  kinds  of  plasma,  making  six  sets,  each  composed  of  fifteen 
preparations.  Examinations  were  made  at  the  end  of  twelve  hours  and  daily 
up  to  the  sixth  day  of  incubation. 
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The  controls  of  both  tissues  grew  well  as  usual,  active  outwandering  of  cells 
being  noticed  at  the  end  of  twelve  hours.  There  was  marked  inhibition  in  the 
preparations  of  all  four  sets  containing  immune  plasma.  Many  of  the  pieces  of 
sarcoma  and  skin  in  plasma  from  both  immune  animals  not  only  showed  no 
growth  but  presented  an  amorphous  granular  appearance.  Some  of  the  prepara- 
tions, however,  showed  after  two  days  an  outwandering  of  a  small  number  of 
cells.  As  in  experiment  i,  a  definite  difference  in  the  toxic  power  of  the  two 
immune  plasmas  was  observed.  In  this  instance,  however,  the  more  toxic  plasma 
was  that  obtained  from  guinea  pig  4,  immunized  with  embryo  skin.  This  plasma 
acted  more  strongly  on  both  sarcoma  and  skin  than  the  plasma  from  guinea 
pig  3.  as  shown  by  the  more  complete  disintegration  of  the  tissue  fragments  and 
the  smaller  number  of  cells  which  wandered  out  in  the  preparations  that  were 
positive. 

Experiment  S- — The  two  guinea  pigs  used  in  experiment  2  received  after 
bleeding  second  injections  of  0.65  gm.  of  sarcoma  and  skin  respectively.  Ten 
days  later  they-were  again  bled  and  their  plasma  was  used  for  cultures  of  sar- 
coma and  skin  as  before,  with  controls  in  normal  guinea  pig  plasma.  All  the 
fragments  of  both  sarcoma  and  skin  in  the  immune  plasma  of  both  series 
showed  rapid  disintegration  with  no  outwandering  of  cells.  The  controls  showed 
excellent  growths. 

Experiment  4. — A  guinea  pig  was  injected  intraperitoneally  with  15  c.c.  of 
defibrinated  rat  blood.  Twenty-one  days  later  plasma  was  obtained  and  used 
for  culture  preparations  of  sarcoma  and  skin.  All  preparations  in  normal  guinea 
pig  plasma  showed  active  growth.  Both  tissues  showed  a  feeble  growth  in  a 
majority  of  the  preparations  in  immune  plasma.  In  the  remaining  negative 
preparations  the  disintegration  of  the  tissue  fragments  was  not  so  marked  as  in 
experiments  2  and  3. 

DISCUSSION. 

From  the  first  experiment  it  is  seen  that  relatively  small  doses  of 
rat  sarcoma  or  embryo  skin  are  sufficient  to  induce  in  guinea  pigs 
an  antibody  reaction  such  that  the  plasma  of  the  treated  animals  be- 
comes a  poor  medium  for  the  growth  of  either  sarcoma  or  skin 
cells.  There  was  no  evidence  of  even  a  relatively  specific  action 
on  the  part  of  the  cytotoxins  formed,  the  plasma  from  each  animal 
exerting  an  equal  inhibitory  action  on  each  kind  of  tissue.  The 
plasma  from  the  animal  immunized  with  sarcoma  proved  to  be 
slightly  more  active  against  each  tissue  thati  that  obtained  from 
the  guinea  pig  immunized  with  embryo. 

In  the  second  experiment  in  which  larger  doses  of  tissue  were 
used  for  immunization  a  more  marked  toxic  action  was  demon- 
strable. Again  no  evidence  of  specificity  was  seen.  As  in  experi- 
ment I  plasma  from  one  of  the  animals  was  found  to  be  more  active 
against  both  tissues.     In  this  case,  however,  it  proved  to  be  that 
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obtained  from  the  guinea  pig  immunized  with  embryo.  It  seems 
clear  then  that  these  differences  in  toxicity  are  to  be  referred  to  in- 
dividual differences  in  guinea  pigs  in  their  reacting  power  and  not 
to  differences  in  the  antigenic  properties  of  the  two  tissues. 

The  third  experiment  shows  that  a  still  stronger  cytotoxic  serum 
may  be  obtained  by  a  repetition  of  large  doses  of  either  tissue. 
Here  again  no  e\idence  of  specificity  was  found. 

The  fourth  experiment  shows  that  blood  may  be  used  to  immunize 
against  both  sarcoma  and  skin,  although  the  cytotoxic  power  of  such 
a  serum  seems  to  be  not  so  great  as  when  either  of  the  other  tissues 
is  used. 

A  second  parallel  set  of  experiments  was  carried  out  with  two 
chick  tissues,  heart  and  intestine,  for  the  production  of  cytotoxic 
sera  in  guinea  pigs.  The  tissues  were  obtained  from  sixteen  to 
twent)-  day  chick  embryos.  These  two  tissues  were  selected  be- 
cause they  exhibit  characteristic  types  of  growth  in  tissue  cultures. 
From  the  heart  a  radial  growth  of  connective  tissue  cells  is  regu- 
larly seen,  while  from  pieces  of  intestine  wide  sheets  of  epithelial 
cells  stretch  out.  Chick  tissues  grow  fairly  well  in  normal  guinea 
pig  plasma.  In  plasma  from  immunized  guinea  pigs  the  results 
were  practically  the  same  as  those  obtained  with  rat  tissues ;  that  is, 
no  evidence  of  specificity  was  found.  The  experiments  are  there- 
fore not  given  in  detail. 

SUMMARY.   - 

1.  The  plasma  of  guinea  pigs  treated  by  injections  of  rat  sarcoma 
exhibits  a  toxic  action  in  tissue  culture  preparations  on  the  cells  of 
both  rat  sarcoma  and  rat  embr3'o  skin.  Similarly,  the  plasma  of 
guinea  pigs  immunized  by  injections  of  rat  embryo  skin  is  toxic  for 
cells  of  both  types. 

2.  Injection  of  rat  blood  immunizes  against  both  sarcoma  and 
embrj'o  skin,  although  not  so  strongly  as  injections  of  the  two 
tissues. 

3.  Guinea  pigs  receiving  injections  of  either  chick  embryo  heart 
or  intestine  develop  cytotoxic  substances  for  both  of  these  tissues. 

4.  The  preceding  findings  tend  to  show  that  cytotoxins  formed 
after  the  injection  of  different  body  tissues  into  a  foreign  species  are 
to  no  extent  specific  for  the  tissues  injected. 
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Prophylactic  typhoid  vaccination  has  won  for  itself  a  well-deserved 
place  among  the  great  preventive  measures  in  medicine.  This  advance 
has  beeii  accompanied  by  a  considerable  literature  on  the  history  of  the 
procedure,  the  various  methods  employed  and  the  results  obtained.  It 
is  not  the  object  of  this  article  to  review  the  literature.  The  facts  are 
easily  accessible,^  and,  in  general,  well  known. 

During  the  past  two  years  the  vaccine  has  been  used  prophylactieally 
at  the  Presbyterian  Hospital,  New  York,  and  it  is  the  purpose  of  the 
present  communication  in  reporting  the  results  of  this  experience,  to 
emphasize  the  facts  which  have  seemed  most  important  and  to  point  out 
in  some  detail  the  especial  effect  of  the  vaccine  on  menstruation. 

PREVIOUS    CONDITIONS 

Stimulated  by  the  excellent  results  obtained  by  this  procedure  in  the 
United  States  Array  and  by  Richardson  and  Spooner  in  the  training 
schools  of  Massachusetts,  the  medical  board  of  the  Presbyterian  Hospital, 
New  York,  decided,  in  the  spring  of  1911,  to  offer  this  opportunity  of 
immunization  against  t3-phoid  to  the  nurses  and  attendants  at  the  hos- 
pital. Before  starting  the  inoculations,  the  hospital  records  were  reviewed 
in  order  to  ascertain  the  incidence  of  the  disease  among  those  brought  into 
intimate  contact  with  typhoid  patients  or  the  cultures  of  typhoid  bacilli. 
Beginning  with  the  year  1898,  the  date  of  the  foundation  of  the  training 
school  for  nurses,  a  period  of  twenty  years  was  covered,  during  which 
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fifty-two  cases  of  typhoid  fever  in  nurses,  doctors,  orderlies  and  bac- 
teriologists were  treated  in  the  hospital.  Only  those  cases  were  included 
which  gave  a  direct  history  of  contact  with  typhoid  patients  or  cultures. 
This  gave  2.6  as  an  average  yearly  percentage  of  cases  in  which  typhoid 
was  possibly  preventable.  There  were  four  deaths,  a  mortality  of  7.69 
per  cent. 

The  cases  were  divided  as  follows :  nurses,  39 ;  orderlies,  6 ;  bacteri- 
ologists, 4;  doctors,  3. 

Of  the  thirty-nine  nurses,  nineteen,  or  about  one-half,  were  in  training 
or  on  duty  in  the  hospital  at  the  time  of  contracting  the  disease.  The 
remaining  twenty  were  caring  for  typhoid  patients  when  taken  ill.  There 
were  no  deaths  among  the  nurses  who  developed  the  disease  while  in  the 
hospital,  but  of  those  who  contracted  the  disease  outside,  two  died.  Both 
were  graduates  of  the  hospital.  All  six  orderlies  were  employed  at  the 
hospital  in  wards  in  which  the  care  of  tj'phoid  patients  was  necessitated, 
and  there  were  two  deaths.  The  four  bacteriologists  developed  the 
disease  while  working  with  typhoid  cultures.  Only  one  was  on  duty  at 
the  hospital  at  the  time  of  contracting  the  disease.  The  others  came 
from  other  laboratories.  There  were  no  deaths.  Of  the  doctors,  two 
were  interns  at  the  hospital  and  one  was  a  substitute.  There  were  no 
deaths. 

The  occurrence  of  the  fifty-two  cases  by  years  was  as  follows: 
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It  will  be  seen  that  in  four  separate  years,  1S93,  1894,  1897  and  1909, 
there  were  no  cases,  and  that  for  one  period  of  two  years  there  was  also 
a  clean  record,  facts  which  must  be  borne  in  mind  in  estimating  the  value 
of  the  results  obtained  through  the  use  of  the  vaccine  over  a  compara- 
tively short  period  of  time.  In  1898,  the  year  of  the  Spanish  War,  there 
were  eleven  cases.  At  that  time  additional  wards  were  opened  for  the 
care  of  typhoid  patients  and  the  hospital  staff  was  greatly  overworked. 
Several  of  the  nurses  treated  at  this  time  came  from  the  army  camps. 

The  conditions  described  do  not  differ  essentially  from  those  reported 
by  observers  in  other  localities.  Thus  Spooner,-  at  the  Massachusetts 
General  Hospital  in  Boston,  found  that  there  were  three  or  four  cases  of 
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typhoid  a  year  among  the  nurses  and  those  especially  exposed.  He 
found,  moreover,  that  in  these  patients  the  disease  ran  a  course  of  more 
than  usual  severity  with  a  greater  number  of  complications  and  a  higher 
mortalit}'  than  the  average.  I  did  not  tind  this  true  in  our  statistics. 
The  mortality  was  less  than  that  for  the  hospital  in  general  and  the 
cases  were  not  unusually  severe,  nor  did  they  show  more  complications 
than  the  average. 

Davis^  gives  no  definite  figures  for  St.  Luke's  Hospital,  Chicago,  but 
states  that  "an  occasional  nurse  has  had  typhoid." 

Joslin  and  Overlander*  investigated  the  conditions  in  six  hospitals 
in  Massachusetts  for  the  years  1903  to  1906  and  came  to  the  conclusion 
that  one  nurse  came  down  with  tj'phoid  for  each  114  cases  treated,  and 
that  "the  hospital  nurse  in  Massachusetts  is  about  eight  times  as  liable 
to  contract  t^^-phoid  fever  as  the  ordinary  citizen."' 

Hachtel  and  Stoner^  give  higher  figures  for  Baltimore.  They  find 
that  the  nurses  and  attendants  are  from  twelve  to  twenty  times  more 
liable  to  contract  the  disease  than  the  ordinary  citizen  of  Baltimore. 

One  does  not  need  to  cite  further  specific  instances.  Wliile  differing 
somewhat  in  the  actual  figures,  all  obser^'ers  are  agi'eed  on  the  main  fact, 
that  nurses,  doctors  and  hospital  attendants  run  a  considerably  greater 
risk  of  contracting  typhoid  than  the  ordinary  citizen,  and  that  in  spite 
of  due  precautions,  a  certain  number  of  them  contract  the  disease  each 
year,  the  source  of  infection  being  the  tjqjhoid  patient  or  articles  which 
have  come  in  contact  with  tv'phoid  cases. 

VACCINE 

The  vaccine  used  is  prepared  from  an  old  culture  of  attenuated 
virulence,  isolated  about  twelve  years  ago.  The  organisms  are  grown  on 
large  agar-slants  (agar  slanted  in  250  c.c.  Erlenmeyer  flasks  is  very 
convenient)  for  twenty-four  hours,  washed  off  with  sterile  salt  solution 
and  heated  at  a  temperature  of  53  C.  (127.4  I'.)  for  one  hour.  The 
vaccine  is  standardized  with  the  ordinary  blood-counting  apparatus. 
After  sterility  is  assured,  the  vaccine  is  made  up  to  the  required  dilution 
with  sterile  salt  solution  containing  0.25  per  cent,  phenol  (carbolic  acid). 
It  is  put  up  in  small  ampules,  each  containing  enough  for  one  dose,  and 
in  30  c.c.  vaccine  bottles  for  use  where  larger  numbers  are  to  be 
vaccinated. 

The  vaccine  was  carefully  compared  with  that  used  in  the  United 
States  Army,  a  supply  of  which  was  very  kindly  sent  to  the  hospital  by 
Major  Eussell.    In  a  large  number  of  inoculations  no  difference  could 
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be  detected  in  the  local  or  general  reactions  or  in  the  Widal  reactions. 
Therefore,  it  would  ajjpear  that  the  hospital  vaccine  represents  approxi- 
mately the  same  potency  and  lack  of  toxicity  as  that  used  in  the  army. 
The  vaccine  should  be  fresh  and  in  general  should  not  be  used  after  it 
is  3  months  old,  as  it  has  been  shown  that  deterioration  begins  at  aboiit 
this  time. 

DOSAGE 

The  usual  dosage  recommended  is  that  employed  in  the  United  States 
Army.  It  consists  of  three  inoculations  at  ten-day  intervals,  the  first  of 
500  million,  the  second  and  third  of  one  billion  each.  This  method  has 
been  well  tried  and  it  has  been  conclusively  shown  that  it  confers  a 
sufficient  immunity  for  a  period  of  at  least  three  years.  Conditions  there, 
however,  diifer  somewhat  from  those  among  nurses  and  in  private  practice 
where  a  reaction  which  would  not  trouble  a  man  in  the  regular  army  is 
considered  quite  an  event.  The  same  dosage  as  previously  noted  was 
given  in  a  considerable  number  of  the  cases  in  this  series,  and  there  were 
enough  troublesome  reactions  to  make  one  consider  a  variation  of  the 
dose.  Of  course,  one's  aim  in  giving  the  vaccine  is  to  protect  the  patient 
against  typhoid  and  not  to  avoid  reactions;  but,  if  one  can  produce  the 
desired  immunity  with  the  smallest  amount  of  discomfort,  the  cause  of 
typhoid  prophylaxis  has  been  aided  just  so  much.  The  aim,  then,  should 
be  to  inject  the  maximum  number  of  bacilli  with  the  minimum  amount 
of  discomfort  and  inconvenience  to  the  patient. 

One  class  of  nurses  received  the  four  doses,  recommended  by  Spooner," 
of  100  million,  200  million,  400  million  and  600  million  at  five-day 
intervals.  These  cases  had  fewer  and  less  troublesome  reactions  than  the 
others,  but  they  received  only  about  one-half  the  total  number  of  bacilli 
given  by  the  army  method.  By  considering  certain  general  factors  to 
be  mentioned  prcsentl}',  one  can  considerably  increase  this  total  without 
a  corresponding  increase  in  the  reactions.  It  is  generally  quite  safe  to 
make  the  initial  dose  200  million  and  then,  being  governed  by  the 
reactions  which  occur,  one  can  very  often  make  the  second  dose  -300  to 
400  million,  the  third  500  to  600  million  and  the  fourth  800  million  to 
one  billion.  In  this  way  one  can  more  nearly  approximate  the  army  total 
dosage  without  as  many  disagreeable  reactions. 

Some  people  prefer  to  take  their  chances  on  the  possibility  of  having 
a  reaction  rather  than  submit  to  the  inconvenience  of  a  fourth  injection, 
and  in  vaccinating  large  numbers,  the  extra  inoculation  means  con- 
siderable added  expenditure  of  time,  especially  among  women  in  whom 
the  avoidance  of  the  menstrual  period  causes  many  delays  and  much 
straggling  out  of  the  inoculations.  Therefore,  it  has  been  the  more 
recent  routine  to  use  three  graduated  doses  at  from  seven-dav  to  ten-dav 
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intervals,  the  first  of  300  million,  the  second  of  700  million  and  the  third 
of  one  billion.  Here,  as  in  the  preceding  case,  one  can  be  governed  by 
the  patient's  general  condition  and  can  often  without  fear  of  undue 
disturbance,  make  the  first  dose  350  to  400  million  and  the  second  800 
million. 

Of  course,  it  is  impossible  to  predict  accurately  what  reaction  a  person 
will  have,  but  one  can  be  governed  by  certain  general  facts.  In  the  first 
place,  women  are  more  apt  to  have  reactions  than  men.  This  fact  is 
brought  out  in  the  statistics  of  Hachtel  and  Stoner,^  and  was  shown  in 
the  first  twenty-three  cases  of  this  series,  of  whom  twelve  were  doctors 
and  eleven  were  nurses.  The  mild  and  moderate  reactions  were  about 
twice  as  frequent  among  the  latter  as  among  the  former.  Members  of 
families  in  which  there  is,  apparently,  a  marked  susceptibility  to  typhoid 
or  in  which  the  disease  has  run  a  severe  course,  are  apt  to  show  more 
marked  reactions.  In  one  family  which  I  vaccinated,  both  of  these  facts 
were  true,  and  of  the  five  members,  all  shov/ed  varying  degrees  of 
reaction  after  all  of  the  inoculations  except  a  boy,  aged  11.  In  one  there 
was  the  most  severe  local  reaction  which  I  have  seen,  combined  with  a 
moderately  severe  general  reaction  and  in  another,  the  general  reaction 
after  the  first  two  doses  was  sufficient  to  discourage  a  third  inoculation. 
Persons  who  have  a  low  resistance  to  any  form  of  infection  are  apt  to 
have  troublesome  reactions  and  the  same  is  true  of  those  who  are  run 
down  or  debilitated  from  any  cause.  Those  suffering  from  any  chronic 
disease,  should,  if  vaccinated  at  all,  receive  the  four  smaller  doses. 
Naturally,  the  preceding  statements  are  only  general  principles  of  guid- 
ance. One  will  encounter  perfectly  robust  individuals  who  come  in  none 
of  the  foregoing  classes,  who,  nevertheless,  show  severe  reactions,  while, 
on  the  other  hand,  any  of  the  types  mentioned  may  show  no  reaction 
whatever.  From  my  experience  up  to  the  present  time,  I  believe  that 
it  is  best  to  give  to  the  persons  of  the  types  mentioned,  the  four  doses 
at  seven-day  intervals,  beginning  with  300  million  and  increasing  each 
succeeding  dose  as  far  as  feasible.  For  all  others,  I  prefer  the  three 
graduated  doses,  using  the  upper  limits  for  each  dose  if  possible.  From 
a  rather  limited  experience  with  children  I  have  seen  no  reason  for 
graduating  the  dosage  according  to  body  weight.  As  a  rule,  they  stand 
the  inoculations  with  less  inconvenience  than  adults  and  I  have  seen  no 
troublesome  reactions  following  full-sized  doses. 

With  many  people,  especially  business  men,  a  seven-day  interval  is 
preferable  to  one  of  ten  days.  The  inoculations  can  thus  be  given  on 
successive  Saturdays,  allowing  them  until  Monday  to  recuperate  from 
any  ill  effects.     It  is  best,  where  possible  to  give  the  injections  in  the 
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late  afternoon  or  early  evening  so  that  the  maximum  reaction  may  take 
place  while  the  patients  are  asleep. 

PRECAUTIONS 

From  my  experience  it  has  been  apparent  that  whatever  the  site 
chosen  for  inoculation  the  patient  is  inclined  to  wish  that  the  vaccine  had 
been  injected  elsewhere.  It  has  been  found  more  convenient  and  per- 
fectly satisfactory  to  make  the  inoculation  in  the  left  upper  arm,  just 
above  the  insertion  of  the  deltoid,  using  the  right  arm  in  left-handed 
people.  The  vaccine  is  injected  into  the  subcutaneous  tissue,  care  being 
taken  to  avoid  entering  a  vein,  as  in  such  cases  the  general  reaction  is 
usually  more  rapid  in  its  appearance  and  more  severe,  and  the  local 
reaction  more  troublesome.  In  cleaning  the  arm,  iodin  and  alcohol  have 
been  found  perfectly  satisfactory.  After  withdrawing  the  needle,  the 
site  of  inoculation  is  touched  with  iodin  and  no  dressing  of  any  kind  is 
applied,  as  it  has  been  found  that  collodion,  bandages  or  gauze  with 
adhesive  strips  simply  add  to  the  local  annoyance.  In  exceptional  cases, 
if  the  local  reaction  is  moderately  severe,  a  dressing  of  aluminum  acetate 
has  been  used  with  good  results. 

In  prophylactic  work,  one  must  remember  that  patients  are  not 
inclined  to  be  particularly  grateful  for  any  reactions  which  the  vaccine 
may  cause  and  it  is  only  human  nature  for  them  to  attribute  to  the 
vaccine  every  ill  for  months  following.  As  the  value  of  typhoid  vaccine 
is  so  great  and  the  need  for  its  universal  adoption  so  striking,  it  is  of  the 
utmost  importance  to  observe  every  precaution  to  prevent  its  falling 
into  disrepute  in  any  case.  A  careful  history  shoidd  be  taken  in  each  case 
and  a  sufficiently  exact  examination  made  to  be  sure  that  the  patient  is 
in  sound  health,  for  it  is  quite  within  the  range  of  possibilities  that  a 
person  might  be  inoculated  in  the  early  stages  of  some  disease,  and  it 
would  then  be  difficidt  to  convince  the  patient  or  his  friends  that  the 
disease  was  not  diiectly  caused  by  the  vaccine.  In  the  present  work  such 
incidents  were  encountered.  One  nurse  developed  a  typical  ease  of  scarlet 
fever  two  days  after  the  second  inoculation,  and  for  the  first  day  or  two 
even  the  doctor  who  saw  her  considered  that  she  was  suffering  from  a 
rather  severe  vaccine  reaction  with  an  associated  rash.  From  the  sub- 
sequent course  of  the  case,  there  was  no  doubt  as  to  the  nature  of  the 
disease.  In  such  an  instance  in  private  practice,  it  would  be  exceedingly 
difficult  to  convince  the  family  that  there  was  no  association  between  the 
vaccine  and  the  scarlet  fever.  In  another  case,  a  man  had  an  attack  of 
bronchopneumonia  which  began  ten  days  after  the  third  injection.  At 
the  onset  he  believed  that  his  illness  was  in  some  way  associated  with  the 
vaccine,  though  in  this  case  the  disease  followed  a  very  definite  exposure 
to  cold.  Other  cases  of  association  of  various  diseases  with  the  vaccine 
will  be  given  later. 


It  is  well  recognized  that  the  vaccine  may  cause  a  temporary  change 
for  the  worse  in  an  existing  chronic  condition.  For  example,  Spooner' 
has  encountered  temporary  and  not  serious  exacerbations  in  chronic 
arthritis,  chronic  cholecystitis,  subacute  urethritis,  furunculosis  and  acne. 
I  have  seen  similar  instances  and  will  mention  them  later.  Other 
observers  have  noted  the  same  thing.  While  the  exacerbations  are  not 
apt  to  be  serious,  their  possibility  should  be  recognized  and  all  chronic 
conditions  should  be  asked  for  in  the  history,  as  in  each  case  one  can 
then  decide  whether  or  not  it  is  wise  to  give  the  vaccine.  I  do  not  believe 
that  it  should  be  given  in  cases  in  which  there  is  a  history  of  tuberculosis ; 
but  if,  in  spite  of  the  existence  of  some  chronic  condition,  it  is  decided 
to  go  ahead  with  the  vaccine,  the  patient  should  be  fully  acquainted  with 
the  possibilities  and  the  vaccination  procedure  should  be  followed  cau- 
tiously and  the  four  smaller  doses  administered. 

Another  question  which  arises  is  that  of  vaccination  where  there  is  a 
history  of  a  preceding  attack  of  typhoid  fever.  It  has  been  found  that 
the  reactions  in  such  cases  are  apt  to  be  rather  strikingly  severe.  In  the 
only  case  of  the  kind  in  which  I  have  used  vaccination,  that  of  a  young 
man,  there  was  a  moderately  severe  reaction  for  a  day  and  a  half  after 
the  first  dose,  followed  immediately  by  a  severe  attack  of  tonsillitis  and 
in  ten  days  by  a  profuse  urticarial  rash.  As  the  disease  itself  confers  a 
life  iinmunity  in  almost  all  cases,  and  as  vaccination  in  such  cases  is  apt 
to  be  followed  by  bad  reactions,  I  have  since  refused  to  inoculate  patients 
who  give  a  history  of  a  previous  attack  of  typhoid.  At  times  this  preced- 
ing history  is  not  definite  and  in  such  cases  one  must  exercise  one's  own 
judgment.  Where  there  is  a  reasonable  doubt,  I  believe  one  should 
proceed  with  the  vaccination,  using  the  four  smaller  doses  rather 
cautiouslv. 

In  addition  to  the  above  precautions,  one  should  explain  the  effects 
of  the  vaccination  to  patients  and  tell  them  just  what  they  may  expect 
in  the  way  of  local  and  general  reactions.  Patients  should  be  warned  to 
remain  quietly  at  home  while  the  reaction  is  present.  The  most  severe 
reaction  seen  in  the  present  cases  seemed  to  have  been  increased  by  the 
patient's  going  about  as  usual  on  the  day  following  the  first  inoculation, 
when  the  temperature  was  101.  The  next  day  the  temperature  rose  to 
102.6,  and  in  connection  there  was  a  splitting  headache  and  slight  epis- 
taxis,  while  on  the  following  day  the  temperature  reached  100,  with  the 
accompaniment  of  nausea  and  rather  severe  diarrhea.  Patients  should 
also  be  warned  against  taking  alcohol  in  any  form  imtil  all  signs  of 
reaction  have  disappeared,  for  not  infrequently  alcohol  has  apparanetly 
added  considerably  to  the  severity  of  the  reaction.  In  this  connection, 
a  curious  fact  was  noted  in  three  of  these  cases.     Two  patients  on  the 
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night  following  inoculation  and  one  on  the  second  night  after,  when 
there  was  no  general  reaction  and  their  arms  had  ceased  troubling  them, 
took  cocktails  just  before  dinner.  Almost  immediately  afterward  their 
arms,  at  the  site  of  the  inoculation,  began  to  pain  so  severely  that  they 
could  not  remain  at  the  table. 

RESULTS 

The  inoculations  were  started  in  May,  19]  1.  The  course  of  procedure 
was  carefully  explained  and  eleven  nurses  and  twelve  doctors  volunteered 
for  the  preliminary  vaccinations.  In  these  twenty-three  cases,  only  two 
inoculations  were  given,  the  first  of  400  million  and  the  second,  after  an 
interval  of  ten  days,  of  650  million.  In  seventeen  of  these  cases,  micro- 
scopic AVidals  were  done  ten  days  after  the  first  injections,  the  Widals 
prior  to  the  vaccination  having  been  negative  in  all  cases  at  1 :20.  In 
five  the  Widal  was  negative  in  a  dilution  of  1 :20,  in  twelve  it  was  positive 
and  in  two  it  was  positive  at  1 :100.  The  results  of  the  TVidal  test  fol- 
lowing the  second  inoculation  may  be  seen  in  Table  1. 

TABLE  1, — Results  of  Widal  Test  ix  Twenty- Two  Cases* 

Dilution  Eeaction                             Xumber  Percentage 

l-'20  Xegative                                   3  13.63 

1-20  Positive                                   19  86.36 

1-100  Positive                                   12  54.54 

1-200  Positive                                     6  27.27 

1-400  Positive                                     6  27.27 

1-1600  Positive                                     1  4.54 

*  Tests  made  ten  to  fourteen  days  after  second  inoculation. 

After  these  preliminary  inoculations,  the  work  was  taken  up  as  a 
routine  with  each  succeeding  class  in  the  training-school  (Table  2). 
During  the  first  few  months  the  members  of  a  new-  class  are  not  on  ward 
duty,  and  as  some  leave  the  school  and  others  enter,  the  vaccinations  are 
not  started  until  the  nurses  have  been  here  for  several  months.  Then  the 
class  is  called  together,  the  vaccination  and  its  importance  explained 
and  the  vaccine  offered  to  those  who  desire  it.  Vaccination  is  still 
entirely  voluntary  in  the  training-school. 

The  following  table  shows  the  percentage  of  each  class  vaccinated: 

TABLE  2. — Percentage  cf  A'accinatioxs   of  Xceses 

Class  of             In  class  Number  eligible  Vaccinated  Percentage 

Iflll 29  26    "  16  61.5 

1912 33  31  22  70.9 

1913 38  32  27  84.3 

1914 13  U  11  100. 

1915 30  25  23  92. 

Totals 143  125  99  79.2 

This  table  shows  that  as  the  work  became  better  known  and  appre- 
ciated, a  larger  number  of  the  nurses  wished  the  vaccination.  Thus  in 
the  last  two  classes,  94.4  per  cent,  of  those  eligible  for  the  vaccination 
have  taken  it. 
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Since  May,  1911,  143  nurses  have  been  in  training.  Of  these,  99 
were  vaccinated;  26  refused ;  in  3  it  was  considered  inadvisable  on  account 
of  some  form  of  chronic  illness,  14  had  recovered  from  typhoid  and  one 
had  been  inoculated  with  the  vaccine  before  entering  the  school.  Thus, 
79.3  per  cent,  of  the  eligible  nurses  were  vaccinated  and  20.8  per  cent, 
remained  unprotected,  including  the  three  who  wished  the  vaccine,  but 
whose  health  did  not  warrant  its  use. 

In  addition,  during  the  same  period,  May,  1911,  to  June,  1913,  33 
doctors  and  medical  students  connected  with  the  hospital,  7  employees 
in  the  pathologic  department,  where  the  vaccine  is  compulsory,  and  64 
outside  cases  have  been  vaccinated,  making  a  total  of  203  cases ;  and  in 
this  period  there  have  been  no  cases  of  typhoid  fever  either  in  the 
training-school  or  among  those  vaccinated.  There  have  been  no  untoward 
effects  from  the  vaccine  and  no  instances  of  arm  infection. 


LOCAL  AND  GENERAL  REACTIONS 

Local  and  General. — The  local  reactions  were  similar  in  all  respects 
to  those  usually  observed. 

The  general  reactions  are  shown  in  Table  3.  In  classifying  these 
reactions,  the  temperature  is  taken  as  the  general  index  as  in  army 
cases,  but  some  reactions  are  put  down  as  mild  or  moderate  where  the 
constitutional  disturbances  were  sufficient  to  warrant  it  even  though  the 
temperature  remained  low.  ^  It  was  noted  that  some  of  the  nurses  showed 
subnormal  temperatures  following  the  inoculations,  which  was  often 
associated  with  such  constitutional  disturbances  as  dizziness,  nausea  and 
vomiting. 

TABLE  3. — Percext.^ge  of  General  Reactions 


Reaction 

First  Dose 
203  Cases 

Second  Dose 
200  Cases 

Third  Dose 
169  Cases 

Fourth  Dose 
27  Cases 

None 

Mild 

Moderate . . 
Severe 

No.    Per  cent. 
90         47.6 
88         43.3 
IS            S.9 
1            0.49 

No.    Per  cent. 
Ill          55.5 

71         35.5 

18           9 
0 

No.     Per  cent. 

140         82.8 
19         11.2 
11           6.5 
0 

No.  Per  cent. 
24         88.8 

3         11.1 

0 

0 

It  will  be  noted  that  of  these  cases,  184,  or  90.6  per  cent.,  showed 
either  no  reaction  or  a  mild  one  after  the  first  dose ;  183,  or  91  per  cent., 
after  the  second;  159,  or  94.1  per  cent.,  after  the  third,  and  27,  or  100 
per  cent.,  after  the  fourth.  The  s}Tnptoms  complained  of  in  the  order 
of  frequency  were :  malaise,  headache,  general  aching,  nausea,  dizziness, 
anorexia,  vomiting,  diarrhea,  epistaxis,  faintness. 

One  hundred  and  ninety  reported  at  the  end  of  six  months  that  they 
were  perfectly  well,  three  had  suffered  from  fatigue  for  two  or  three 
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months,  but  had  recovered,  and  two  thought  that  their  health  was  still 
impaired  by  the  vaccine. 

WIDAL    REACTIONS 

The  results  of  the  microscopic  Widal  in  fifteen  consecutive  cases 
tested  ten  days  after  third  inoculation,  inay  be  seen  in  Table  4. 

TABLE  4. — Results  of  Widal  Test  in  FrFTEE>r  Cases* 

Positive  Reactions 

Dilution  No.  Per  cent. 

1-20  15  100 

1-100  15  100 

1-200  11  73.3 

1-400  9  60 

1-800  5  33.3 

1-1600  3  20 

1-2000  2  13.3 

1-12000  1  6.6 

*  Test  made  ten  days  after  third  inoculaticn. 

The  Widal  reaction  has  been  so  definitely  worked  out  by  so  many 
observers  that  it  is  now  used  here  only  in  exceptional  cases  and  to  control 
new  vaccine. 

MENSTRUATION 

After  the  first  few  inoculations  the  very  definite  impression  was 
gained  that  menstruation  was  apt  to  be  affected  hj  the  vaccine.  Con- 
sequently, careful  records  of  this  particular  phase  of  the  work  were  kept 
in  order  to  determine  the  amount  of  the  disturbance.  A  comparison  of 
the  army  vaccine  with  that  used  in  the  hospital  showed  no  difference  in 
their  liability  to  cause  menstrual  irregularities.  Other  workers  have 
briefly  noted  tliat  these  irregularities  occur,  so  that  one  is  Justified  in 
concluding  that  the  effects  are  not  due  to  the  peculiarities  of  any  one 
particular  vaccine.  A  correct  judgment  of  the  part  played  by  typhoid 
vaccine  in  menstrual  disturbances  is  difficult  and  any  statistics  are  open 
to  several  sources  of  error. 

In  the  first  place,  it  is  well  known  that  nurses  are  apt  to  have  men- 
strual irregularities  during  the  first  few  months  of  training  which  are 
due  to  change  of  environment  and  method  of  living.  In  this  work,  the 
vaccinations  were  not  started  until  the  nurses  had  been  in  the  hospital 
for  from  three  to  six  months,  and  these  nurses  did  not  show  any  more 
frequent  or  more  marked  changes  than  did  the  nurses  who  had  been  in 
training  for  from  one  to  three  years.  Again,  some  women  are  always 
more  or  less  irregular.  Wliere  there  was  such  a  history,  any  disturbances 
during  the  course  of  the  inoculation.?,  unless  of  striking  character,  were 
not  considered,  and  the  case  was  put  down  as  unaffected.  In  some, 
temporary  causes  other  than  the  vaccine  may  have  been  the  causal 
factors.  It  is  difficult  to  eliminate  such  causes  and  they  introduce  a 
certain  unavoidable  source  of  error. 
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In  compiliBg  the  records  of  the  one  hundred  cases  in  which  men- 
struation was  studied,  only  those  cases  are  put  down  as  aiiected  in  which 
the  evidence  of  disturbance  by  the  vaccine  seemed  to  me  quite  definite, 
after  ruling  out  all  other  apparent  causes  and  where  the  patients  them- 
selves felt  that  the  condition  was  distinctly  unusual  for  them. 

Perhaps  one  can  gather  the  best  idea  of  the  nature  of  the  disturbances 
and  their  close  association  with  the  vaccine  by  a  brief  description  of  some 
of  the  more  striking  eases. 

REPORT  OF  CASES 

Case  1. — Vaccination  finished  early  in  June.  The  two  following  periods  were 
missed.  In  August  appendix  was  removed  and  menstruation  did  not  occur  again 
until  December.     It  has  been  normal  since  then. 

Case  2. — For  three  periods  following  the  vaccination  was  about  three  weeks 
late  each  time.    Then  normal. 

Case  3. — Missed  period  following  vaccination  and  then  a  condition  of  scanty 
flow  a  week  or  more  late  existed  for  three  months. 

Case  4. — Menstruated  every  two  to  three  weeks  for  three  months  following 
the  vaccination. 

Case  5. — After  the  third  inoculation  came  on  two  weeks  ahead  of  time  and 
caused  more  discomfort  than  ever  before. 

Case  6.— Vaccinated  the  day  after  menses  had  ceased.  Menses  returned  again 
that  night. 

Case  7.— During  the  course  of  vaccination  menses  came  on  one  week  ahead  of 
time,  causing  patient  to  go  to  bed. 

Case  8. — Twelve  days  early.     More  profuse  and  of  longer  duration. 

Case  9. — After  first  inoculation  menses  ten  days  early,  more  painful  and 
scantier. 

Case  10. — After  third  inoculation  menses  ten  days  early,  more  painful  and 
scantier. 

Case  11. — Never  quite  regular.  Much  worse  after  vaccination.  Skipped  two 
months  entirely  and  later  menstruation  was  more  painful. 

Case  12. — Five  days  late  after  the  second  inoculation.  One  week  early  after 
the  third. 

Case  13. — Skipped  two  periods.  Kext  time  in  three  weeks.  Then  in  less  than 
three  weeks. 

Case  14. — Skipped  three  periods. 

Thus  in  fourteen  cases  there  were  very  distinct  changes,  due,  in  all 
probability,  to  the  effect  of  the  vaccine  itself. 

A  complete  tabulation  of  all  the  cases  shows  that  a  little  more  than 
one-half,  53  per  cent.,  showed  some  type  of  menstrual  disturbance, 
distinct  though  at  times  quite  trivial,  while  47  per  cent,  were  unaffected. 
The  types  of  disturbance  may  be  seen  in  the  following  table,  more  than 
one  type  occasionally  appearing  in  the  same  individual: 

Menstruation  early  for  one  or  more  periods 25 

Menstruation  more  painful  for  one  or  more  periods 18 

Menstruation  late  for  one  or  more  periods     15 

Menstruation  more  profuse  for  one  or  more  periods 10 

Menstruation  skipped  for  one  or  more  periods 7 

Menstruation  scantier  for  one  or  more  periods 6 
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It  should  also  be  noted  that  where  these  irregularities  occur  the 
patients  are  more  apt  to  have  associated  with  them  a  more  troublesome 
general  reaction. 

The  number  of  cases  which  show  some  change  is  rather  striking,  even 
allowing  for  unavoidable  errors.  If  one  merely  considers  the  fourteen 
very  definite  instances  cited,  the  percentage  is  high  enough  to  show  that 
a  very  striking  relationship  exists  between  the  vaccine  and  menstrual  dis- 
turbances, a  fact  which  is  of  interest  in  view  of  the  similar  disturbances 
seen  in  typhoid  fever.  All  of  the  cases  included  above  were  followed 
for  at  least  six  months.  In  none  was  there  any  disturbance  at  the  end 
of  this  time.  Therefore,  it  would  appear  that  the  changes  are  of  only 
temporary  significance  and  that  they  carry  with  them  no  lasting  ill 
effects. 

In  this  connection,  one  must  consider  the  possible  consequences  of 
vaccination  during  pregnancy.  I  have  a  record  of  only  one  such  case. 
In  this  instance,  the  woman's  husband  was  ill  with  typhoid  and  much 
of  his  care  fell  on  her.  Consequently,  in  spite  of  her  pregnancy,  vaccina- 
tion was  carried  out.  She  did  not  develop  typhoid,  nor  did  she  have  any 
ill  effects  from  the  vaccine.  The  menstrual  disturbances  have  impressed 
me  sufficiently,  however,  to  make  me  conservative  about  vaccinating 
pregnant  women.  At  the  present  time,  I  would  not  vaccinate  under  such 
circumstances,  except  under  some  special  indication,  such  as  that  shown 
in  the  preceding  ease. 

Recognizing  that  menstrual  disturbances  do  occur,  one  naturally 
turns  to  the  question  of  reducing  thera  to  a  minimum.  I  believe  tliat. 
barring  some  special  indication  for  haste,  the  vaccination  of  women 
should  be  so  arranged  that  the  first  inoculation  will  come  a  few  days 
after  a  period.  The  second  and  third  injections  can  then  be  given  at 
seven-day  intervals,  leaving  about  a  week's  leeway  before  the  succeeding 
period.  If,  for  any  reason,  ten-day  intervals  are  necessary,  it  is  best  to 
postpone  the  third  inoculation  until  a  few  days  after  the  second  period. 
By  giving  the  vaccine  in  this  way,  menstrual  difficulties  are  reduced, 
though  not  entirely  eliminated. 

.ASSOCIATION   WITH   OTHER   DISEASES 

It  has  already  been  mentioned  that  numerous  instances  of  aggravation 
of  existing  chronic  conditions  are  on  record.  It  is,  therefore,  of  interest 
in  a  series  of  cases  like  the  present,  where  most  of  the  cases  can  be 
followed,  to  note  the  relation  of  the  vaccine  to  the  development  of  various 
diseases. 

Diseases  of  the  Respiratory  Tract. — Thirteen  patients  developed 
symptoms  of  some  such  affection  during  the  course  of  the  vaccinations. 
or  so  soon  afterwards  that  they  attributed  them  to  the  vaccine.  Five 
patients  developed  coryza  beginning  within  one  or  two  days  after  an 
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injection,  and  in  one  case  the  cold  lasted  for  six  weeks.  There  were  five 
cases  in  which  tonsillitis  began  within  one  or  two  days  after  an  inocula- 
tion. In  one  case  bronchitis  developed  during  the  course  of  the  vac- 
cination, and  the  disease  lasted  for  two  months.  One  patient,  already 
referred  to,  contracted  bronchopneumonia  ten  days  after  the  third 
injection.    In  this  case  there  was  definite  e.xposure  to  cold. 

Probably  man}-  of  these  cases  were  merely  coincidences,  though  one 
receives  the  very  definite  impression  that  in  some  cases,  at  least,  the 
patient's  resistance  is  sufficiently  lowered  to  favor  the  chances  of  such 
infections. 

Appendicitis. — This  condition  was  noted  in  five  cases.  In  only  one, 
however,  was  the  association  sufficiently  close  to  justify  suspicion  of  the 
vaccine  as  an  accessory  cause.  In  this  case,  there  were  moderately  severe 
reactions  associated  with  nausea,  vomiting  and  diarrhea,  after  all  three 
doses.  Yerj'  soon  after  the  third  dose  the  patient  began  to  have  pain  in 
the  region  of  the  appendix,  which  in  the  course  of  a  short  time  neces- 
sitated an  operation. 

Tuberculosis. — Three  patients  in  the  present  series  have  developed 
pulmonary  tuberculosis  since  receiving  the  vaccine.  In  no  case  was  there 
any  previous  historj'  of  the  disease,  and  in  none  was  the  relation  between 
the  vaccine  and  the  disease  sufficiently  close  to  be  suggestive. 

Tachycardia. —  In  one  case  there  was  a  history  of  mild  attacks  of 
tachycardia.  The  patient  had  two  such  attacks  on  the  eleventh  and 
twelfth  days  following  the  second  inoculation,  and  a  third  attack  within 
five  hours  after  the  third  injection.  In  another  case,  that  of  a  man  who 
normally  had  a  very  slow  pulse,  the  rate  doubled  within  a  few  hours 
after  receiving  the  first  dose.  In  a  third  case  with  a  history  of  attacks 
of  rapid  heart  action  and  arhythmia,  there  was  no  effect  from  the  vaccine. 

Furuncle.^. — In  one  instance  a  patient  began  to  suffer  from  furuncles 
about  two  weeks  after  the  third  injection. 

Scarlet  Fever. — The  development  of  a  case  of  scarlet  fever  during  the 
course  of  the  injections  has  already  been  mentioned. 

Scabies. — One  patient  was  suffering  from  a  lather  extensive  case  of 
scabies,  when  he  presented  himself  for  the  vaccination.  He  was  warned 
that  the  vaccine  might  cause  an  aggravation  of  the  skin  condition,  but 
he  desired  the  vaccine  in  spite  of  this  possibility.  Much  to  our  surprise, 
without  any  treatment  for  the  skin  affection,  it  almost  completely  dis- 
appeared during  the  course  of  the  inoculations,  but  reappeared  a  little 
later. 


A  CASE  OF  OCCLUSIOX  OF  THE  LEFT  CORONARY 

ARTERY  BY  A  PEDUNCULATED  \'EGETA- 

TIOX  OF  THE  AORTIC  \^\L\'E. 

ALBERT   LAMB,   M.D. 

^^'hile  instances  of  coronary  thrombosis  are  fairly  common, 
cases  of  true  embolism  of  these  arteries  are  sufficiently  rare  to 
arouse  considerable  interest.  The  effects  of  the  two  conditions 
are  so  similar  that  they  are  generally  considered  together. 

Experimentally,  much  work  has  been  done  on  the  cjuestion 
of  the  effect  of  coronary  occlusion.  The  earlier  researches,  whicli 
culminated  with  Cohnheim's  experiments  in  the  early  eighties  of 
the  past  century,  demonstrated  that  the  coronaries  were  end 
arteries  and  that  the  occlusion  of  a  large  branch  was  sufficient 
to  cause  sudden  death.  Since  then  experimental  work  has  tended 
to  refute  these  views.  It  would  require  too  much  time  to  discuss 
these  experiments  in  detail.  It  is  sufficient  to  note  that  by  the 
work  of  Jamin  and  ^Merkel.  of  Amenomiya  and  of  Spalteholz  and 
Hirsh,  to  mention  only  a  few  of  those  who  have  given  the  subject 
their  attention,  the  coronaries  have  been  shown  to  have  visible 
and  functionating  anastamoses  and  that  the  occlusion  of  one  of 
the  larger  branches  does  not  necessarily  result  in  sudden  death, 
or,  indeed,  prove  fatal  at  all. 

Clinically,  the  same  conclusion  has  been  reached.  For  ex- 
ample, Pagenstecher  ligated  the  descending  branch  of  the  left 
coronary  in  an  accident  case.  The  patient  survi-ved  five  days. 
Fraenkel  had  much  the  same  experience.  A\'est,  Chiari,  ilerkel. 
Dock,  Recklinhausen,  Galli,  Huber,  Aschoff,  Huchard,  Herrick, 
Kidd,  and  others  have  all  cited  cases  showing  extensive  disease 
of  the  heart  muscle  due  to  thrombotic  occlusion  of  a  coronary 
artery  where  death  was  postponed  for  varying  lengths  of  time 
or  did  not  occur  until  much  later,  and  then  from  some  other  cause. 

Herrick,  in  his  recent  article,  expresses  the  present  view  of 
the  results  of  coronary  occlusion  as  follows : 

"W'hile  sudden  death  often  does  occur,  vet  at  times  it  is 


postponed  for  several  hours  or  even  days,  and  in  some  instances 
a  complete,  i.  e.  functionally  complete,  recovery  ensues."" 

The  cases  of  true  embolism  reported  are  few  in  number. 
Chiari,  Oestreich,  ^'ircho\v,  Rolleston,  Hektoen,  Welch,  ;\Iac- 
Callum  and  Thorel  have  described  instances. 

The  literature  is  well  covered  by  Welch  in  his  articles  in 
Alhiitt's  Sysfcin  of  Medicine,  by  Thorel  {Ergebnissc  dcr  Path- 
ologic, Lubarsch  &  Ostertag,  1903  I  and  by  Herrick  {Jour.  A.  M. 
A.,  Vol.  lix,  Xo.  23,  December  7,  1912.) 

The  case  which  I  have  to  present  to-night  was  in  a  negro 
ballplayer,  thirty-five  years  old,  who  was  admitted  to  the  medi- 
cal service  of  the  Presliyterian  Hospital  on  October  30,  1912. 
1  am  indebted  to  Dr.  Janeway  for  permission  to  report  the  case. 
As  a  child  the  patient  had  rheumatism.  Up  to  two  months  before 
admission  he  had  weighed  190  pounds.  He  had  lost  gradually 
until  on  admission  he  weighed  157  pounds.  This  loss  of  weight, 
together  with  loss  of  strength,  constituted  his  sole  trouble  until 
a  few  days  before  entering  the  hospital,  when  he  began  to  have 
pain  in  the  right  side  of  his  chest,  posteriorly. 

On  admission  he  was  found  to  be  a  large,  well-built  negro, 
not  dyspnoeic  or  cyanotic.  No  petechia  could  be  found.  The 
lungs  were  normal  except  for  slight  diminution  of  the  breath 
sounds.  The  apex  impulse  of  the  heart  could  not  be  seen  or  felt. 
The  heart  sounds  were  loudest  in  the  fifth  intercostal  space,  10 
cm.  to  the  left  of  the  mid  line  The  sounds  were  of  fair  quality 
and  the  action  regular.  At  the  apex  the  first  sound  was  accom- 
panied by  a  blowing  murmur  transmitted  to  the  left  axilla  and 
upwards  along  the  sternum  to  the  pulmonary  area,  gradually 
becoming  less  marked  away  from  the  apex.  Just  to  the  left  of 
the  sternum,  in  the  third  and  fourth  intercostal  spaces,  there  was 
also  a  soft  diastolic  murmur. 

A  blood  culture  taken  on  admission  turned  out  later  to  show 
a  growth  of  what  were  considered  endocarditis  cocci. 

On  the  dav  after  admission  the  patient  was  perfectly  com- 
fortable. At  8  P.  M.  he  was  seen  and  was  all  right.  Ten  minutes 
later  he  was  moaning  and  complaining  of  pain  in  his  chest,  over 
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tlie  precordium.  He  was  pale,  perspiring  profusely,  and  had  a 
weak  pulse.  Vomited  once.  Adrenalin  was  gi\-en.  Patient  was 
at  this  time  extremely  pale,  almost  pulseless  and  complaining  of 
agonizing  pain  in  the  back.  He  was  given  more  stimulation  with 
niorpliine  and  a  saline  infusion  was  started.  It  was  noted  that 
the  vein  when  exposed  was  collapsed  and  practically  bloodless. 
After  about  500  cc.  of  the  infusion  had  been  given  the  patient 
stopped  breathing.  His  breathing  had  not  been  rapid  or  labored, 
l)ut  in  the  last  half  minute  it  became  gasping  with  increasing 
intervals. 

Aiitof^sy.  Xovember  i,  1912.  A  large  framed  man,  showing 
consitlerable  loss  of  weight.  Xo  petechia  found.  There  was 
about  100  ccm.  of  clear  fluid  in  the  left  chest.  The  lungs  were 
in  full  inflation,  showing  the  markings  of  the  ribs  over  their 
upper  surfaces.  Both  lungs  showed  congestion  and  oedema. 
The  pericardium  contained  about  100  cc.  of  clear  fluid.  The 
pericardial  surfaces  were  smooth  and  glistening.  Before  re- 
moving the  organs  the  pulmonary  artery  was  opened  and  traced 
to  its  larger  branches  without  discovering  any  obstruction. 

The  heart  was  not  enlarged.  The  right  side  presented  no 
al^normalities.  The  left  auricle,  ^•entricle  and  mitral  valve  showed 
no  change.  No  thrombi  or  post-mortem  clots  were  found  in  any 
of  the  heart  cavities.  The  aortic  valve  showed  the  left  cusp 
divided  by  the  incision.  The  posterior  and  right  cusps  were  fused 
into  one.  The  former  line  of  separation,  could  be  seen  in  the 
Sinus  of  \'alsalva.  The  opening  of  the  right  coronarj'  artery 
could  be  seen  behind  the  right  portion  of  this  fused  cusp.  There 
was  a  slight  amount  of  yellow  atheroma  about  its  mouth  but  it 
did  not  encroach  upon  the  lumen.  This  large  cusp  was  covered 
with  soft,  irregular  nodular  vegetations,  with  which  was  mixed 
some  fresii  clot.  The  vegetations  were  confined  almost  entirely 
to  the  ventricular  surface  of  the  valve,  the  other  surface  showing 
only  a  few  small  ones.  The  lesion  as  seen  upon  the  left  cusp  was 
more  destructive.  A  portion  near  the  right  cusp  showed  no 
vegetations  but  was  stiff  and  sclerotic.  The  rest  of  the  cusp  was 
partially  destroyed  and  replaced  by  large,  irregular,  soft  masses 


of  vegetation  of  dirty  pink  color.  Near  the  line  of  junction  with 
the  posterior  cusp,  the  vegetations  formed  a  small  reddish  mass 
and  encroached  upon  the  Sinus  of  Valsalva.  From  the  summit 
of  this  mass  there  arose  a  thin  pedicle  of  the  same  vegetation 
tissue.  It  was  y2  mm.  in  diameter  and  about  6  mm.  long.  At 
the  end  .away  from  the  valve  it  ended  in  another  small  nodular 
vegetation  which  completely  plugged  the  mouth  of  the  left  coro- 
nary artery.  The  opening  of  the  coronary  was  completely  oc- 
cluded, but  the  vegetation  only  extended  a  short  distance  into  the 
lumen,  the  rest  of  the  plug  being  thrombotic  in  nature.  The  plug 
was  pulled  out  and  found  to  be  non-adherent  and  the  wall  of  the 
artery  smooth.  The  plug  was  i  cm.  long,  forming  a  complete 
cast  of  the  lumen  of  the  vessel.  The  lower  end  was  branched, 
fitting  into  the  descending  and  circumflex  branches.  There  was 
no  change  in  the  heart  muscle  supplied  by  these  branches. 

Infarcts  were  found  in  the  spleen  and  kidney. 

From  the  appearance  of  the  plug  when  pulled  out  of  the 
coronary  it  would  seem  fairly  certain  that  this  pedunculated 
vegetation  had  swung  free  in  the  blood  stream  for  some  time 
and  that  it  had  suddenly  been  swept  into  the  mouth  of  the  left 
coronary  just  before  the  patient's  death. 
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A  CASE  OF  PERIARTERITIS  NODOSA. 

ALBERT  LAMB,  JI.D. 

The  patient  who  forms  the  basis  of  this  report  was  a  man, 
age  26.  He  entered  the  Presbyterian  Hospital,  December  7,  191 2, 
on  the  service  of  Dr.  Janeway  to  whom  I  am  indebted  for  per- 
mission to  use  the  cHnical  records  of  the  case.  His  past  history 
was  negative.  He  had  never  had  sypliiHs.  The  only  disease 
which  he  remembered  was  an  attack  of  influenza  two  3'ears  before 
admission.  There  was  nothing  in  the  family  history  bearing  on 
the  case.  Two  years  before  he  came  to  the  hospital  he  began 
to  suffer  from  asthma  at  infrequent  intervals.  IMore  recently 
these  attacks  have  come  on  every  two  or  three  weeks.  Three 
weeks  before  admission,  a  nodular  swelling  the  size  of  an  egg 
appeared  quite  suddenly  in  the  region  of  the  right  ankle.  There 
was  intense  itching"  and  the  surface  of  the  swelling  was  covered 
with  small  purpuric  spots.  In  the  course  of  a  few  days  this 
swelling  disappeared.  From  this  time  until  he  entered  the 
hospital  he  suffered  alternate  attacks  of  asthma  and  fresh  crops 
of  purpura.  The  latter  affected  all  parts  of  his  body  except  the 
face.  Often  the  eruption  was  accompanied  b}'  severe  abdominal 
cramps  and  pain  or  by  pains  in  his  various  points.  During  his 
stay  in  the  hospital,  the  fresh  crops  of  purpura  continued  to  ap- 
pear with  the  abdominal  and  joint  pains.  He  also  had  attacks  of 
asthma.  He  ran  an  irregular  temperature.  For  a  few  days  it 
would  be  elevated  to  loo'-ioi"  and  then  there  Avould  be  a  few 
afebrile  days.  His  pulse  corresponded  with  the  temperature  but 
was  rather  more  rapid  than  the  height  of  the  temperature  would 
indicate.  His  leucocytes  varied  from  17,000  to  21,000  and  the 
eosinophiles  from  20  to  51%.  His  urine  always  showed  albumin, 
at  times  up  to  0.1-0.2%.  There  were  always  hyaline  and  granu- 
lar casts  and  often  epithelial  and  waxy  ones.  His  phthaline  excre- 
tion was  diminished.  The  \\'assermann  reaction  was  negative. 
About  ten  days  before  his  death  he  had  an  infected  ulcer  of  his 
leg  and  just  before  the  end  a  positive  streptococcus  blood  culture. 
During  the  last  two  days  he  had  a  pericardial  friction  rub.  He 
died  February  6,  19 13. 


At  the  autopsy,  there  was  found  a  fresh  streptococcus  per- 
icarditis, pleurisy  and  peritonitis.  There  were  two  small  vegeta- 
tions on  the  mitral  valve.  No  organisms  were  found  in  these 
vegetations. 

The  lungs  showed  extreme  oedema  and  were  in  full  intlation. 
The  kidneys  were  slightly  enlarged.  The  capsule  was  only  slightly 
adherent.  On  section  the  cortex  was  thin,  the  markings  indistinct 
and  the  glomeruli  appeared  as  colorless  dots.  No  nodules  of  any 
kind  were  observed  on  any  of  the  vessels  in  the  ordinary  course 
of  the  examination.  The  diagnosis  was  not  suspected  until  the 
microscopical  examination  was  made  and  then  on  reviewing  the 
material  a  few  tiny  nodules  were  found  on  the  coronary  vessels 
and  on  section  of  the  kidneys  some  of  the  vessels  appeared 
thickened.  ^ 

On  microscopical  examination  the  changes  characteristic  of 
Periarteritis  Nodosa  were  found  in  the  vessels  of  the  kidneys, 
adrenals,  stomach,  and  heart.  The  lesion  as  seen  without  tracing 
it  through  serial  sections,  showed  a  marked  infiltration  of  the 
adventitia  and  surrounding  tissue  with  mononuclear  wandering 
cells  and  eosinophiles,  necrosis  and  cellular  infiltration  of  the 
media  with  the  characteristic  hyaline  appearing  band,  and  rather 
marked  thickening  of  the  intima.  In  some  places,  there  was 
considerable  new  formed  connective  tissue  about  the  vessels. 

The  kidneys  showed  a  marked  glomerular  nephritis  Avitli 
obliteration  of  most  of  the  glomeruli. 

Sections  of  the  vascular  lesions  stained  for  bacteria  failed 
to  show  any. 

A  full  report  of  the  case  will  be  published  later  when  oppor- 
tunity has  been  found  to  examine  the  serial  sections  which  are 
being  prepared. 
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DISTRIBUTION    OF  VITAL   STAINS    IN    ANIMALS    WITH 
INOCULABLE   TUMORS.* 

Isaac  Levin,  M.D. 

{From  the  Department  of  PatJwlogy  of  Columbia  University,  College  of  Physicians 

and  Surgeons,  Nezo  York.) 

Vital  staining  in  contradistinction  to  the  usual  methods  of 
staining  of  dead  fixed  tissue  means  staining  of  tissue  within 
a  living  organism.  When  a  solution  of  a  vital  stain  is  intro- 
duced in  the  organism  certain  parts  of  its  cells  become 
stained,  while  the  cell  itself  remains  alive  and  performs  nor- 
mally all  its  functions,  i.e.,  retains  its  metabolic  activity,  its 
motility  and  its  power  of  proliferation.  Such  a  method 
unlike  the  staining  of  fi.xed  tissue  permits  the  study  of  the 
physiological  functions  of  the  cell.  R.  Heidenhain '  first 
applied  this  method  to  the  study  of  the  functions  of  the  kid- 
neys. But  the  actual  development  and  practical  application 
of  the  method  is  due  to  the  brilliant  researches  of  P.  Ehrlich'- 
on  the  subject.  His  leading  idea  was  that  if  the  chemical 
constitution  of  a  dye  is  known  and  if  a  certain  reaction 
between  the  dye  and  the  living  tissue  produces  a  color 
change  in  the  dye,  then  the  nature  of  the  chemical  changes 
which  take  place  in  the  living  tissues  could  be  elucidated. 

In  1886  Ehrlich  discovered  that  methylene  blue  when 
introduced  in  the  circulation  stains  blue  only  certain  parts 
of  the  nerve  tissue.  This  blue  coloring  gradually  disappears 
but  reappears  when  the  nerve  tissue  is  exposed  to  the  air. 

*  Conducted  at  the   expense  of    the   George   Crocker  Special    Research    Fund. 
Received  for  publication  July  i,  1913. 
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Ehrlich  explains  the  phenomenon  in  the  following  way: 
The  nerve  tissue  absorbs  the  oxygen  from  the  methylene  blue 
and  transforms  it  into  a  colorless  body  (Leukokorper). 
The  latter  then  anchors  the  oxygen  from  the  air  and  regains  its 
coloring.  Further  parallel  studies  with  vital  stains  and  drugs 
led  Ehrlich  to  the  conclusion  that  these  dyes  as  well  as  drugs 
when  introduced  into  a  living  organism  may  affect  one  group 
of  cells  or  organ  and  leave  the  other  organ  unaffected.  This 
specific  action  of  chemical  substances  on  an  organism 
depends  on  three  factors:  i,  the  chemical  constitution  of 
the  substance;  2,  its  pharmocodynamic  action;  and  3,  its 
specific  distribution  in  the  different  tissues  of  the  organism. 

This  close  analogy  between  the  action  of  drugs  and  dyes 
led  Ehrlich  to  investigate  the  therapeutic  value  of  vital  stains 
in  diseases  which  are  known  to  be  influenced  by  drugs.  In 
1904,  he  reported  in  collaboration  with  K.  Shiga'  success- 
ful experiments  in  the  treatment  of  trypanosome  diseases 
with  trypan  red.  The  same  diseases  are  influenced  in  a  far 
greater  degree  by  arsenicals,  but  the  dye  is  also  of  a  certain 
value  both  alone  and  in  combination  with  the  arsenicals. 
Nicolle  and  MesniP  in  their  studies  on  trypanosome  dis- 
eases found  that  the  dyes  which  are  trypanocidal  act  at  the 
same  time  as  vital  stains. 

Von  Wassermann  ^  made  an  attempt  recently  to  apply  the 
results  of  the  studies  on  vital  staining  to  therapeutic  investi- 
gations on  inoculable  tumors  of  white  mice.  He  reported 
on  a  series  of  experiments  in  which  he  succeeded  in  curing 
these  tumors  with  intravenous  injection  of  a  chemical  com- 
bination of  selenium  and  eosin.  His  experiments  were 
based  on  the  following  observation  :  Gosio  *  had  shown 
previously  that  natrium  selenicum  and  telluricum  are  good 
indications  of  living  cells.  While  in  a  mixture  of  dead 
cells  and  one  of  these  salts  there  forms  a  precipitation  of  the 
metals  selenium  or  tellurium,  living  cells  do  not  precipitate 
these  metals.  In  a  comparative  study  of  the  influence  of 
normal  human  serums  and  the  serum  of  cancer  patients  on 
cancer  cells  v.  Wassermann  used  natrium  selenicum  as  an 
indicator.     He    noticed  that    the   cells  were  found    dead  in 
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every  experiment  and  concluded  that  selenium  is  toxic  for 
cancer  cells.  An  injection  of  selenium  compounds  into  the 
circulation  of  tumor  animals  failed  to  influence  the  growth 
of  the  tumors.  The  failure  was  due,  in  his  opinion,  to  the 
slow  penetration  of  the  substance,  which  allows  the  normal 
tissues  of  the  organism  to  neutralize  the  selenium.  It  then 
occurred  to  him  that  in  his  former  e.xperiments  on  vital 
staining  he  observed  that  eosin  and  similar  fluorescent  dyes 
penetrate  very  quickly  throughout  the  whole  body  of  the 
animal  upon  an  intravenous  injection.  It  seemed  probable 
a  priori  that  a  combination  of  eosin  with  selenium  would 
penetrate  a  great  deal  faster  into  the  tumor  and  consequently 
increase  the  efficacy  of  the  selenium.  V.  Wassermann's 
experiments  upon  the  therapeutic  influence  of  such  a  com- 
bined substance  on  mice  tumors  were  very  successful  as 
stated  above. 

Thus  recent  research  indicates  that  studies  on  vital  stain- 
ing may  become  not  only  of  great  theoretical  but  also 
practical  importance.  Boufifard^  was  the  first  to  study 
morphologically  the  characteristic  distribution  of  vital  stains 
in  the  organism,  but  the  most  painstaking  and  complete 
studies  on  the  subjects  were  done  by  E.  E.  Goldmann.*  He 
succeeded  in  developing  a  technic  for  the  permanent  fixation 
of  vitally  stained  microscopical  tissue.  He  has  also  shown 
that  there  existed  a  great  deal  of  confusion  in  the  concep- 
tions of  the  meaning  of  the  term  vital  staining  and  clearly 
defined  the  conditions.  In  accordance  with  his  ideas,  a 
vitally  staining  dye  when  introduced  in  the  organism  intra- 
venously or  subcutaneously  must  remain  there  a  long  time, 
it  must  not  be  too  to.xic  for  the  animal,  it  must  penetrate 
I  into  the  body  of  the  cell  and  there  stain  parts  of  the  cell- 
granules,  which  are  otherwise  not  visible.  Stains  which 
completely  answer  all  these  requirements  and  which  were 
most  extensively  used  by  Goldmann  in  his  investigations  are 
trypan  blue,  isamin  blue,  and  pyrrhol  blue.  Though  of 
different  chemical  constitution  the  three  dyes  act  in  an 
identical  manner  when  introduced  into  the  organism,  only 
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the  latter  two  penetrate  the  organism  much  more  slowly  than 
the  trypan  blue.  A  subcutaneous  injection  of  a  solution  of 
any  of  these  dyes  produces  a  diffuse  blue  staining  in  the 
animal.  But  a  microscopical  examination  of  the  different  tis- 
sues shows  that  the  dyes  stain  only  certain  granules  in  specific 
cells  within  each  organ,  as,  for  instance,  the  epithelium  of  the 
tubuli  contorti  in  the  kidney  or  the  Kupfer  cells  in  the  liver. 
The  most  interesting  cell,  the  granules  of  which  take  up  the 
vital  stain,  is  a  connective  tissue  cell  found  in  the  skin, 
mucous  and  serous  membranes  and  in  the  sympathetic  tissue 
generally,  which  Goldmann  calls  the  "  pyrrholzelle."  It 
resembles  morphologically  a  large  lymphocyte,  but  is  not 
identical  either  with  a  mast  cell,  plasma  cell  or  a  leucocyte. 
Goldmann  considers  it  to  be  a  histogenous,  vitally  staining 
wandering  cell  with  granular  protoplasm,  which  possesses  a 
strong  capacity  for  migration  and  phagocytic  action.  These 
pyrrholcells  seem  to  surround  in  large  numbers  any  inflam- 
matory focus  or  other  abnormal  formation  within  the  organ- 
ism. In  a  tubercle,  for  instance,  the  p\Trholcells  are 
frequently  filled  with  the  tubercle  bacilli.  Thus  the  mor- 
phological studies  of  Goldmann  indicate  as  clearly  as  the 
chemotherapeutic  studies  of  Ehrlich,  and  NicoUe  and  Mes- 
nil,  that  the  vitally  staining  dyes  have  a  specific  distribution 
in  the  organism.  On  the  other  hand,  according  to  Ehrlich 
the  specific  distribution  of  a  chemical  is  even  of  greater 
value  in  specific  therapy  than  its  chemical  constitution  and 
pharmacod\'namic  action. 

The  great  difficulty  in  influencing  or  arresting  a  tumor 
growth  by  the  aid  of  chemicals  lies  in  the  fact  that  tumor 
cells,  unlike  parasites,  are  practically  identical  with  normal 
body  cells,  and  consequently  the  specific  distribution  of  the 
chemical  into  the  tumor  cells  without  entering  the  body  cells 
must  be  very  perfect,  otherwise  the  drug  would  be  as  noxious 
to  the  rest  of  the  organism  as  to  the  tumor.  The  advantage 
of  the  vital  stains  over  any  other  chemotherapeutic  sub- 
stance lies  in  the  fact  that  the  specific  distribution  of  the 
former  maj*  be  controlled  morphologically. 
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In  view  of  this  it  seemed  of  importance  to  the  writer  to 
study  morphologically  the  distribution  of  the  vital  stains  in 
inoculable  tumors  of  the  white  rats  and  mice. 

In  the  first  series  of  experiments  a  weak  aqueous  solution 
of  eosin  was  injected  intravenously  into  mice  and  rats  with 
inoculable  tumors.  The  animals  became  nearly  immediately 
intensely  colored.  But  eosin  does  not  seem  to  be  a  vital 
stain  in  the  true  meaning  of  the  word.  In  the  first  place  it 
is  extremely  toxic  to  the  animal,  furthermore,  as  was  stated 
by  the  writer'' in  a  preliminary  communication,  eosin  per- 
meates diffusely  all  tissues,  but  cannot  be  detected  micro- 
scopically anywhere.  The  same  was  stated  by  Goldmann  '° 
in  his  latest  publication. 

It  seemed,  then,  most  promising  to  make  use  of  the  same 
three  dyes,  trypan  blue,  isamin  blue,  and  pyrrhol  blue,  which 
have  given  such  excellent  results  in  the  hands  of  Goldmann. 
White  rats  inoculated  with  a  spindle  cell  sarcoma  or  Flexner- 
Jobling  '^  carcinoma  were  used  for  these  experiments.  A 
subcutaneous  injection  of  two  cubic  centimeters  of  a  one  per 
cent  aqueous  solution  of  the  dye  was  given  two  or  three 
times  at  intervals  of  forty-eight  hours.  The  animals  were 
killed  forty-eight  hours  after  the  last  injection,  when  the 
whole  bod)'  of  the  animal  was  deeply  stained,  the  tissues 
were  hardened  in  ten  per  cent  formalin,  then  either  frozen 
sections,  or,  in  the  case  of  trypan  blue  paraffine  sections, 
were  prepared  and  counterstained  with  alum-carmine.  The 
microscopical  examination  showed  a  great  deal  of  difference 
between  the  action  of  the  vital  stains  in  the  animals  with 
sarcoma  and  carcinoma,  and  the  two  will,  therefore,  be 
considered   separately. 

In  the  second  series  of  experiments  a  spindle  cell  sarcoma 
was  inoculated  into  white  rats,  either  subcutaneously  or  into 
various  parenchymatous  organs  (liver,  spleen,  kidney  or 
testicle).  When  the  tumors  were  about  two  weeks  old,  the 
animals  were  treated  with  one  of  the  three  vital  stains 
mentioned    above,    they   were    then    killed    and    the    tissues 
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treated  in  the  manner  stated  above.  The  microscopical 
section  of  the  subcutaneous  tumors  showed  that  the  connec- 
tive tissue  stroma  surrounding  the  tumor  was  packed  with 
Goldmann's  pyrrholcells.  In  the  tumor  itself  the  majority  of 
the  sarcoma  cells  did  not  contain  any  vitally  stained  granules, 
but  a  certain  number  within  the  tumor  contained  the 
granules.  The  latter  cells' did  not  differ  in  any  perceptible 
manner  morphologically  from  the  rest  of  the  sarcoma  cells. 
The  tumors  inoculated  into  parenchymatous  organs  did  not 
show  any  surrounding  stroma,  as  the  writer '-  stated  in 
previous  publications,  and  there  was  no  conglomeration  of 
pyrrholcells  around  the  tumor.  The  tumors  contained  the 
same  quantity  of  vitally  stained  cells  as  the  subcutaneous 
tumors  and  at  the  same  time  the  organ  tissue  surrounding 
the  growing  tumor  contained  the  same  number  of  vitally 
stained  specific  cells  as  the  normal  organ.  Figure  i  shows 
an  inoculation  of  the  sarcoma  in  the  kidney.  The  tumor 
contains  a  few  vital!)'  stained  cells,  which  cannot  be  distin- 
guished moi-phologically  from  the  other  non-stained  sarcoma 
cells.  The  kidney  tissue  shows  the  vitally  stained  epithelial 
cells  of  the  tubuli  contorti  and  in  no  way  differs  from  vitally 
stained  normal  kidney  tissue. 

In  the  third  series  of  experiments  Flexner-Jobling  adeno- 
carcinoma was  inoculated  into  white  rats  either  subcutaneously 
or  into  various  parenchymatous  organs.  The  microscopical 
section  of  the  subcutaneous  tumors  showed  that  the  connec- 
tive tissue  stroma  surrounding  the  tumor  was  packed  with 
pyrrholcells  as  was  the  case  in  the  sarcoma  inoculated  sub- 
cutaneously, but  the  tumor  itself  did  not  contain  any  vitally 
stained  cells.  Figure  2  shows  this  condition  in  a  subcuta- 
neous tumor.  Tumors  inoculated  into  parenchymatous 
organs  do  not  show  any  surrounding  stroma  formation  with 
pyrrholcells  nor  can  vitally  stained  cells  be  found  anywhere 
between  the  tumor  cells.  The  conditions  of  vital  staining  of 
the  organ  cells  surrounding  the  tumor  are  identical  with  the 
conditions  of  the  same  organ  in  which  the  tumor  was  not 
inoculated. 
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The  results  of  this  investigation  seem  to  indicate  that  the 
vital  stains  when  introduced  into  an  animal  with  an  inoculable 
tumor  do  not  show  any  specific  distribution  which  would 
show  a  predilection  for  the  cells  of  the  inoculated  tumors. 
The  organ  cells  surrounding  the  tumor  contain  the  normal 
quantity  of  the  vitally  stained  cells,  while  the  tumor  itself 
either  contains  none  or  very  few  such  cells.  It  is  of  interest, 
though,  to  note  that  of  the  two  tumors  used  in  this  investiga- 
tion the  carcinoma  did  not  show  any  of  the  vital  stains  while 
sarcoma  showed  a  certain  amount.  It  is  possible,  then,  that 
a  chemical  may  influence  one  kind  of  tumor  and  not  influence 
another. 
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EXPLANATION   OF   PL.VTE    I. 

Fig.  I.  —  Sarcoma  inoculated  in  the  kidney.  Trypan  blue.  .Mum 
carmine  —  high  power. 

Fig.  2.  —  Flexner-Jobling  carcinoina  inoculated  subcutaneously. 
Trypan  blue.     Alum  carmine  — low  power. 
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THE  MECHANISMS  OF  -METASTASIS  FORMATION   IN 
EXPERIMENTAL  CANCER.* 

By  ISAAC  LEVIN,  M.D. 

(From  the  Department  of  Pathology  of  Columbia  University,  College  of  Physi- 
cians and  Surgeons,  New  York.) 

Plates  25  and  26. 

The  term  metastasis  was  originally  used  to  indicate  the  trans- 
portation of  any  substance,  whether  metal  or  coal  dust,  nonnal  cells 
(placenta,  bone  marrow),  bacteria,  or  cancer  cells  from  one  part 
of  the  organism  to  another,  von  Recklinghausen  ( i )  was  the  first 
to  restrict  the  meaning  of  the  term  and  used  it  only  in  connection 
with  the  transportation  of  pathological  substances.  More  recently 
the  word  metastasis  has  been  used  only  in  connection  with  the 
secondary  tumor  nodules  which  occur  so  frequently  in  malignant 
growths.  This  restricted  use  of  the  term  was  caused  by  the 
generally  recognized  fundamental  difference  which  exists  between 
a  multiple  granuloma  of  an  infectious  disease  and  a  true  metastatic 
growth  of  a  malignant  tumor.  While  in  the  former  only  the  bacteria 
or  the  noxious  agents  are  transported  into  the  distant  parts  of  tlie 
organism  where  the  granuloma  is  formed  from  the  local  cells,  a 
metastatic  tumor  growth  originates  in  every-  case  through  the 
proliferation  of  a  group  of  cancer  cells  detached  and  transported 
from  the  primary  tumor. 

The  mechanism  of  the  formation  of  metastasis  in  malignant 
growths  consists  of  the  following  phases:  (i)  the  detachment  of  a 
group  of  cancer  cells  from  the  primary  tumor;  (2)  the  transporta- 
tion of  this  group  of  cells  through  the  blood  or  lymph  channels  into 
distant  parts  of  the  organism;  and  (3)  the  proliferation  of  these 
cells  in  the  new  location  and  the  consequent  formation  of  meta- 
static tumors.     It  is  well  known  that  both  the   frequency  of  the 

*  This  work  was  done  under  the  George  Crocker  Special  Research  Fund 
Read  at  the  meeting  of  the  Association  of  Pathologists  and  Bacteriologists,  May, 
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occurrence   of   metastases   and   the   localization   of   the   metastatic 
growths  varies  widely  in  different  malignant  tumors. 

Most  pathologists  (von  Recklinghausen  (2),  Lubarsch  (3),  and  Schmidt  (4)) 
consider  the  difference  in  the  channels  of  transportation  to  be  the  main  reason 
for  the  difference  in  the  frequency  and  localization  of  the  metastatic  tumors. 
The  causes  are  purely  mechanical,  namely,  the  differences  in  the  morphological 
structure  of  the  organs,  the  relative  size  of  the  cancer  cells,  the  capillaries  of 
a  certain  organ,  and  so  on. 

More  recently  Albrecht  (s)  and  Ehrlich  (6)  advanced  the  hypothesis  that 
the  success  of  the  development  of  a  metastatic  tumor  is  due  to  the  chemical 
metabolic  conditions  of  the  entire  organism.  Their  idea  is  that  the  growth  of 
the  secondary  tumor  depends  upon  the  character  of  the  primary  growth.  If  the 
latter  is  very  malignant  and  reaches  a  large  size,  then  it  uses  up  all  the  specific 
food  required  by  the  multiplying  cancer  cells,  and  none  of  it  remains  for  the  cells 
of  the  secondary  growth.  On  the  other  hand,  when  the  primary  tumor  is  grow- 
ing slowly,  a  suflicient  amount  of  the  specific  food  is  left  for  the  development 
of  the  metastatic  tumor.  Recent  investigations  of  the  writer  (7)  indicate  that 
neither  the  purely  mechanical  conceptions  nor  the  athreptic  theory  of  Ehrlich 
are  adequate  to  explain  all  the  phenomena  of  the  formation  of  metastasis. 

The  investigations  were  conducted  mainly  on  two  inoculable 
tumors  of  the  white  rat, — a  spindle  cell  sarcoma  which  was  studied 
originally  by  Jensen,  and  an  adenocarcinoma  which  was  described 
by  Flexner  and  Jobling  (8).  The  sarcoma  is  very  malignant, 
grows  to  a  large  size,  and  apparently,  in  accordance  with  Ehrlich's 
theory,  does  not  form  any  metastases  after  a  subcutaneous  inocula- 
tion. When  an  emulsion  of  this  tumor  was  injected  intravenously 
into  a  healthy  animal  no  tumor  growth  formed  anywhere.  In  these 
experiments  lack  of  specific  food  could  not  play  any  part  since  the 
injected  animals  had  no  primary  tumor.  On  the  other  hand,  when 
the  same  tumor  was  inoculated  into  a  parenchymatous  organ,  the 
spleen  or  the  liver,  metastases  formed  in  a  certain  number  of  cases. 

The  second  tumor,  the  Flexner-Jobling  adenocarcinoma  of  the 
white  rat,  induces  the  fonnation  of  metastases  when  inoculated  sub- 
cutaneously.  An  intravenous  injection  of  an  emulsion  of  this  tumor 
induced  the  fomiation  of  metastatic  nodules  in  parenchymatous 
organs. 

In  the  two  series  of  experiments  the  conditions  within  the  host, 
both  as  regards  the  mechanical  structure  of  the  organs  as  well  as 
nutrition,    were    identical;    all    the    animals    were    normal.      The 
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methods  of  experimentation  were  also  identical  and  the  only  differ- 
ence consisted  in  the  different  character  of  the  cancer  cells,  The 
sarcoma  cells  injected  into  the  circulation  did  not  develop  into  a 
metastatic  growth,  while  the  adenocarcinoma  cells  did.  The  forma- 
tion of  metastasis  upon  the  inoculation  of  the  sarcoma  into  the  liver 
and  spleen  was  apparently  due  to  the  change  of  character  which  the 
sarcoma  cells  underwent  during  their  sojourn  in  the  parenchym- 
atous organs.  Such  changes  in  the  character  of  the  cells  after  a 
lodgment  in  a  different  oi-gan  may  occur  also  in  human  pathology, 
as  was  shown  by  Hansemann  (g)  and  others. 

In  the  present  investigation  the  writer  undertook  to  study  the 
influence  of  the  organism  of  the  host  upon  the  development  of 
secondary  metastatic  tumors,  while  the  character  of  the  cancer  cells 
used  for  the  experiments  was  not  changed.  The  research  was  con- 
ducted with  the  same  two  tumors  of  the  white  rat  described  above. 

SUBCUTANEOUS  INOCULATION  AND  SUBSEQUENT  INOCULATION  INTO 
A  PARENCHYMATOUS  ORGAN. 

In  a  previous  investigation  (lo)  it  was  shown,  in  agreement  with 
other  investigators,  that  it  is  possible  to  inoculate  successfully  imder 
the  skin  a  tumor  in  an  animal  bearing  in  a  different  region  a  previ- 
ously inoculated  subcutaneous  tumor.  In  order  to  approach  more 
nearly  the  conditions  obtained  during  the  formation  of  metastasis, 
inoculations  were  made  into  a  parenchymatous  organ  of  animals  in 
which  a  subcutaneous  inoculation  was  done  previously.  In  a 
former  investigation  the  writer  (ii)  has  shown  that  when  an 
animal  is  resistant  to  a  subcutaneous  inoculation  of  a  tumor  it  will 
also  resist  in  every  case  a  subsequent  inoculation  into  an  organ.  In 
the  present  study  an  inoculation  was  done  into  parenchymatous 
organs  of  animals  of  a  tumor  which  was  previously  inoculated  into 
the  same  animal  subcutaneously. 

With  regard  to  the  method  used  in  the  experiments  the  follow- 
ing explanation  should  be  made.  A  normal  rat,  as  has  been  shown 
by  the  writer  in  a  number  of  investigations,  stands  a  laparotomy 
and  inoculation  of  a  tumor  into  an  organ  very  well  and  there  is 
practically  no  postoperative  mortality.     But  tumor  animals  are  a 
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great  deal  more  vulnerable,  and  a  number  of  them  succumb  to  the 
operation.     A  description  of  the  experiments  follows. 

E.rpcriment  /.^  Sarcoma  in  the  Liver. — A  laparotomy  was  done  on  eighteen 
rats  which  were  previously  inoculated  subcutaneously  with  a  rat  sarcoma.  A 
small  piece  of  the  same  tumor  was  introduced  by  the  aid  of  a  trocar  needle  into 
the  liver.  Of  the  thirteen  animals  that  survived  the  operation  for  two  weeks, 
six  developed  a  large  subcutaneous  tumor  and  also  a  fairly  large  sized  tumor  in 
the  liver.  Figure  i  shows  one  of  these  animals.  Seven  animals  developed  only 
a  small  nodule  subcutaneously  and  none  of  them  developed  any  growth  in  the 
liver. 

Experiment  2.  Carcinoma  in  the  Liver. — An  inoculation  of  the  adenocarci- 
noma into  the  liver  was  done  on  twenty-six  rats  which  were  previously  inocu- 
lated subcutaneously  with  the  same  tumor.  Sixteen  animals  survived  the  opera- 
tion and  of  these  five  developed  a  large  subcutaneous  tumor  and  also  a  fairly 
large  tumor  in  the  liver.  Eleven  animals  developed  a  small  subcutaneous  nodule 
and  showed  no  growths  in  the  liver. 

Experiment  3.  Sarcoma  in  the  Spleen. — A  laparotomy  was  done  on  nine  rats 
which  were  previously  inoculated  subcutaneously  with  a  rat  sarcoma.  A  small 
piece  of  the  same  tumor  was  introduced  into  the  spleen  by  the  aid  of  a  trocar 
needle.  Of  the  six  animals  that  survived  the  operation  for  two  weeks,  three 
developed  a  large  subcutaneous  tumor  and  a  fairly  large  tumor  in  the  spleen 
Three  animals  developed  a  small  nodule  subcutaneously  and  showed  no  growth 
in  the  spleen. 

Experiment  4.  Carcinoma  in  the  Spleen.  The  same  operative  method  was 
employed  as  in  experiment  3.  The  carcinoma  was  inoculated  in  the  spleen  of 
six  rats  in  which  a  subcutaneous  inoculation  of  the  same  tumor  was  previously 
done.  The  three  rats  that  survived  the  operation  for  two  weeks  developed  a 
large  subcutaneous  tumor  and  a  fairly  large  tumor  in  the  spleen. 

The  results  of  the  series  of  experiments  with  subcutaneous  in- 
oculations and  subsequent  inoculations  into  a  parenchymatous  organ 
are  significant  inasmuch  as  they  clearly  indicate  the  influence  of 
the  organism  of  the  host  on  the  growth  of  metastases.  The  sub- 
sequent inoculation  into  an  organ  of  a  tumor-bearing  animal  repre- 
sents an  artificially  induced  formation  of  a  metastasis.  Tiie  results 
of  tlie  present  as  well  as  the  fornier  investigations  of  the  writer 
show  that  an  inoculation  into  an  organ  will  not  succeed  in  an 
animal  into  which  a  previously  attempted  subcutaneous  inoculation 
failed  entirely  or  in  which  there  developed  only  a  small  subcutaneous 
nodule.  On  the  other  hand,  in  the  animals  in  which  the  sub- 
cutaneous inoculation  produced  the  formation  of  a  large  subcutane- 

'  All  the  e.xperiments  were  done  under  ether  anesthesia. 
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ous  tumor,  the  subsequent  inoculation  into  an  organ  was  also 
invariably  successful.  It  is  a  well  established  fact  that  the  success 
or  failure  of  growth  of  a  primary  tumor  inoculated  in  a  normal 
animal  is  due  to  the  conditions  of  general  susceptibility  or  resist- 
ance of  the  organism  of  the  animal  to  the  growth  of  the  tumor. 
Apparently  the  same  general  phenomena  influence  the  growth  of 
the  secondary  inoculated  tumor,  or,  in  other  words,  influence  the 
formation  of  the  artificial  metastases. 

SUBCUTANEOUS  INOCULATION  AND  SUBSEQUENT  SIMULTANEOUS 
INOCULATION  INTO  TWO  PARENCHYMATOUS  ORGANS. 

The  formation  of  metastases  is  a  complex  phenomenon.  Not 
only  does  the  frequency  and  localization  of  metastatic  growth  differ 
in  the  various  tumors,  but  even  the  same  tumor  may  form  meta- 
stases in  different  organs  in  different  individuals.  In  order  to 
imitate  experimentally  this  phase  in  metastasis  formation,  a  simul- 
taneous inoculation  was  done  into  two  parenchymatous  organs. 

Experiment  5.  Sarcoma  in  the  Liver  and  Spleen. — The  same  operative 
methods  were  employed  as  in  the  previous  experiments.  A  laparotomy  was  per- 
formed on  sixteen  rats  which  received  two  weeks  previously  a  subcutaneous 
inoculation  of  the  sarcoma.  A  small  piece  of  the  tumor  was  introduced  subcu- 
taneously  into  the  liver  and  the  spleen.  Of  the  fifteen  animals  that  survived  the 
operation  for  two  weeks,  six  developed  only  a  small  subcutaneous  nodule  and  in 
these  there  vv^as  found  no  growth  either  in  the  liver  or  in  the  spleen.  Nine 
animals  developed  large  subcutaneous  tumors,  and  of  these,  three  showed  a 
growth  only  in  the  liver,  and  three  showed  growth  only  in  the  spleen. 

The  results  of  this  series  of  experiments  show  that,  on  the  whole, 
the  results  of  the  multiple  inoculations  also  depend  upon  the  general 
conditions  of  resistance  or  susceptibility  of  the  organism  of  the 
host.  When  the  tumor  fails  to  grow  it  fails  everywhere,  and  when 
it  succeeds,  it  succeeds  in  every  organ.  On  the  other  hand,  in 
those  instances  where  the  tumor  grew  both  subcutaneously  and  in 
one  organ  and  failed  to  grow  in  another  organ  there  must  have 
been  an  additional  factor;  namely,  while  the  organism  of  the 
animal  as  a  whole  was  susceptible  to  the  inoculation  both  subcutane- 
ously and  into  one  organ,  the  other  organ,  the  spleen  or  the  liver, 
resisted  the  growth  of  the  tumor.  The  possibility  of  such  a  local 
organ  resistance  in  an  animal  of  which  the  general  organism  is 
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susceptible  to  the  growth  of  the  same  tumor  was  proven  by  the 
writer  (12)  in  a  recent  investigation. 

The  Flexner-Jobhng  carcinoma  of  the  white  rat  grows  readily 
when  inoculated  anywhere  in  the  organism,  but  fails  to  grow  when 
inoculated  in  a  normal  testicle.  But  when  an  inflammatory  lesion 
is  produced  in  the  testicle  previous  to  the  inoculation  of  the  tumor, 
then  the  tumor  inoculation  is  successful.  The  mechanism  appar- 
ently causes  the  failure  of  growth  of  a  tumor  in  one  organ,  while 
the  same  tumor  grows  subcutaneously  and  also  in  another  organ. 

SURGICAL   REMOVAL  OF  A   SUBCUTANEOUS  TUMOR  AND  SUBSEQUENT 
INOCULATION    INTO    PARENCHYMATOUS    ORGANS. 

Ulilenhuth,  Handel,  and  Steffenhagen  (13)  liave  shown  recentlv 
that  when  a  subcutaneous  tumor  is  removed  surgically  and  the  same 
tumor  inoculated  subcutaneously  in  a  different  place,  the  second 
inoculation  will  not  succeed  if  the  removal  of  the  first  tumor  was 
radical;  but  when  there  is  a  recurrence  after  the  removal  of  the 
first  tumor,  then  the  second  inoculation  also  succeeds.  These  strik- 
ing results  were  confirmed  by  Meidner  (14),  Handel  and  Schon- 
burg  (15),  and  Uhlenhuth,  Dold,  and  Biiidseil  (16).  Apolant  (17) 
seems  to  have  reached  different  results  and  claims  that  there  is  no 
relation  between  the  recurrence  of  the  first  tumor  and  the  success 
of  the  second  inoculation. 

The  influence  of  the  surgical  removal  of  a  primary  tumor  upon 
the  growth  of  metastases  is  of  great  practical  and  theoretical  im- 
portance. In  view  of  this  and  also  of  the  contradictory  results  of 
the  work  of  the  different  investigators  it  seemed  advisable  to  repeat 
and  enlarge  upon  these  experiments  by  removing  surgically  the 
subcutaneous  tumors  and  subsequently  inoculating  the  same  tumor 
into  one  or  two  parenchymatous  organs. 

Experiment  6.  Carcinoma  Removal  and  Inoctdation  in  the  Li-i'Cr. — In  ten 
animals  a  longitudinal  incision  was  made  at  the  inner  side  of  the  subcutaneous 
tumor  and  the  latter  was  enucleated  en  masse.  Immediately  following  this  step 
the  peritoneum  was  opened  and  a  small  piece  of  the  animal's  own  tumor  was 
inoculated  into  the  liver.  Of  the  five  animals  that  survived  the  operation  the 
primary  tumor  recurred  in  three,  and  in  these  there  was  a  positive  growth  in  the 
liver;  in  two  animals  there  was  no  subcutaneous  recurrence  and  no  growth  in 
the  liver. 
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Experiment  7.  Sarcoma  Removal  and  Inoculation  into  the  Liver  and  Spleen. 
— The  method  of  operation  was  identical  to  the  one  described  in  experiment  6. 
In  eleven  animals  the  subcutaneous  tumor  was  radically  removed  and  then  the 
same  tumor  was  inoculated  simultaneously  into  the  liver  and  spleen.  Of  the  ten 
animals  that  survived  the  operation,  in  seven  there  was  no  recurrence  of  the 
subcutaneous  tumor  and  in  these  the  inoculation  into  the  organs  failed  invari- 
ably. In  three  animals  the  subcutaneous  tumor  recurred  and  of  these  animals  in 
one  the  growth  was  positive  in  both  liver  and  spleen  (figure  2),  in  one  growth 
was  found  only  in  the  liver,  and  in  the  last  animal  a  growth  was  found  in  the 
spleen. 

Experiment  8.  Carcinoma  Removal  and  Inoculation  into  the  Liver  and 
Spleen. — The  method  of  operation  was  the  same  as  in  the  previous  series  of 
experiments.  In  twenty-three  animals  the  subcutaneous  tumor  was  radically 
removed  and  then  the  same  tumor  was  inoculated  simultaneously  into  the  liver 
and  spleen.  Seventeen  animals  survived  the  operation  and  in  eight  of  these 
there  was  neither  a  recurrence  of  the  subcutaneous  tumor  nor  any  growth  in 
the  organs.  In  three  animals  there  took  place  a  recurrence  of  the  subcutaneous 
tumor  and  positive  growth  both  in  the  liver  and  the  spleen.  In  the  last  six 
animals  there  was  a  recurrence  of  the  subcutaneous  tumor  and  a  positive 
growth  only  in  the  spleen. 

This  series  of  experiments  in  the  first  place  corroborates  the 
findings  of  Uhlenhuth  and  his  collaborators,  that  a  subsequent  in- 
oculation succeeds  whenever  there  is  a  recurrence  of  the  primar}' 
tumor,  and  fails  when  the  removal  of  the  primary  tumor  remains 
radical.  The  experiments  show  further,  like  the  previous  experi- 
ments of  the  present  study,  the  influence  of  the  general  and  local 
resistance  or  susceptibility  of  the  organism  of  the  host  on  the 
growth  of  the  secondary  metastatic  tumors.  They  also  emphasize 
the  relation  between  the  postoperative -recurrence  of  the  primary 
tumor  and  the  formation  of  metastasis.  When  the  organism 
possesses  a  certain  amount  of  resistance  it  will  neutralize  the  few 
cancer  cells  which  must  necessarily  be  left  behind  after  the  appar- 
ently most  radical  operation;  there  will  not  take  place  any  local  re- 
currence and  for  the  same  reason  the  secondary  or  metastatic  tumor 
will  fail  to  grow.  While,  on  the  other  hand,  when  this  resistance 
of  the  organism  is  lacking,  notwithstanding  the  most  painstaking 
operation  both  a  local  recurrence  and  the  formation  of  metastasis 
will  take  place. 

The  greater  frequency  of  the  growth  of  carcinoma  in  the  spleen 
than  in  the  liver  may  be  due  to  the  greater  vulnerability  of  the 
former  organ.      The   spleen  of  animals  inoculated   with  the  car- 
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cinoma  frequently  shows  the  condition  of  an  amyloid  degeneration, 
and,  as  has  been  shown  by  the  writer  in  experiments  with  the 
testicle,  a  diseased  organ  is  more  susceptible  to  growth  of  tumor 
than  a  normal  one.  The  writer  is  at  present  engaged  in  the  study 
of  this  question. 

The  analysis  of  the  results  of  the  present  investigation  shows 
clearly  that  the  differences  in  the  frequency  of  the  occurrence  and  in 
the  specific  localization  of  metastases  are  not  due  to  the  ease  of  de- 
tachment of  the  cancer  cells  from  the  primary  tumor.  Nor  does 
the  difference  in  the  mode  of  transportation  play  a  part.  The  main 
factors  in  determining  the  localization  and  frequency  of  metastases 
are  the  character  and  malignancy  of  the  cancer  cell  on  the  one  hand, 
and  the  general  and  local  susceptibility  of  the  organism  of  the  host 
on  the  other.  The  failure  or  success  of  the  proliferation  of  a 
group  of  cancer  cells  transported  from  the  primary  tumor  into  a 
distant  organ  is  a  result  of  the  interaction  of  these  two  causes. 

The  validity  of  this  conclusion  will  be  further  enhanced  when  it 
is  considered  that  the  mechanism  and  cause  of  growth  of  the  pri- 
mary tumor  and  the  metastasis  are  identical.  In  inoculable  tumors 
this  identity  is  certainly  complete  since  even  the  primary  tumor  is 
caused  by  the  proliferation  of  a  group  of  cancer  cells  introduced 
from  outside.  But  even  in  a  spontaneous  tumor  of  the  same 
animal,  or  in  human  cancer,  the  difference  between  a  primary  tumor 
and  a  metastasis  consists  only  in  the  fact  that  in  the  former  one 
must  consider  the  additional  unknown  factor,  namely,  the  trans- 
formation of  a  normal  cell  into  a  cancerous  one.  Otherwise  the 
further  growth  and  development  of  the  primary  tumor,  as  well  as 
the  metastasis,  depends  upon  the  correlation  of  the  two  factors  men- 
tioned above. 
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CONGENITAL    VARIATIONS    IN    THE    PERITONEAL 

RELATIONS  OF  THE  ASCENDING  COLON, 

CECUM  AND  TERMINAL  ILEUM 

S.    C.    HARVEY,    M.D. 

(From  the  De/^artmciit  of  Pathology  of  the  College  of  Physicians  and 

Surgeons) 

In  the  last  five  years  increasing  attention  has  been  directed  to 
certain  signs  and  symptoms  in  the  right  side  of  the  abdomen 
which  have  been  usually  interpreted  as  indicative  of  chronic 
appendicitis.  Such  conditions  are  the  "  cjecum  mobile"  of 
Wilms  (i),  the  ileal  band  of  Lane  (2)  and  the  "membranous 
pericolitis"  of  Jackson  (3).  The  data  as  regards  frequency  of 
occurrence  of  these  conditions  has  been  in  great  part  derived 
from  instances  seen  at  operation.  Likewise  the  etiolog}'  of  the 
adhesions  about  the  colon  and  ileum  has  been  dependent  upon 
this  source  of  information  and  in  consecjuence  there  has  arisen 
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two  theories  as  to  their  origin.  The  one,  as  represented  by 
Pilcher  (4),  Gerster  (5)  and  others,  regards  them  as  formed  by 
a  pre\ious  subacute  inflammation,  the  other,  as  supported  by  C. 
H.  Mayo  (6),  Fhnt  (7),  Reid  (8)  and  others,  asserts  them  to  be 
but  developmental  defects.  The  examination  of  foetuses,  notably 
by  Flint,  has  given  greater  weight  to  the  later  hypothesis. 

In  order  to  obtain  a  larger  amount  of  data  bearing  upon  the 
frequency  of  occurrence  of  these  almormalities  and  their  mode  of 
origin,  105  chiklren  \arying  in  age  from  birth  to  three  vears  and 
seven  months  were  examined  post  mortem  at  the  New  York 
Foundling  Hospital.  Of  these  43  were  in  the  first  two  months 
of  life,  28  between  three  and  seven  months  of  age  and  24,  seven 
months  old  or  over. 

The  conditions  looked  for  were :  abnormal  mobilit}'  and  posi- 
tion of  the  c;ecum,  undue  development  of  the  cysto-colic  fold, 
abnormal  omental  attachments,  pericolic  membranes,  pericsecal 
membranes,  appendicular  membranes,  and  Lane's  band.  The 
frequency  of  occurrence  was  as  follows : 

Number  Found.  Per  Cent, 

Cxcal  displacement   32  30 

Cysto-colic   fold    20  19 

Omental  attachments   10  9 

Pericolic   meniljranes    17  16 

Pericsecal  membranes  13  12 

Appendicular   membranes    8  8 

Lane's  bands   9  9 

Of  these  abnormalities  15,  or  14  per  cent.,  were  sufficient  to 
cause  some  angulation  or  kinking  of  the  colon,  appendix  or  ileum. 
The  variations  in  the  position  of  the  caecum  as  well  as  of  the 
cysto-colic  fold  were  of  the  same  frequency  in  those  under  three 
months  as  in  those  over  this  age.  The  membranous  structures, 
however,  seemed  rather  to  decrease  with  the  age,  and  this  was 
especially  true  of  Lane's  band.  As  regards  sex,  abnormalities  in 
the  position  of  the  cjecum  were  more  frequent  in  the  female  and 
this  was  also  true  of  Lane's  band.  On  the  other  hand,  the  re- 
maining membranes  were  slightly  more  prevalent  in  the  male. 

From  a  consideration  of  the  above  data  one  must  conclude 
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that  these  peritoneal  abnormalities  about  the  ileum  and  the  ascend- 
ing colon  are  of  frequent  occurrence  and  are  developmental  in 
origin. 
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Discussion: 
Dr.  Hillm.\n  :  We  have  had  between  50  and  60  autopsies  on  infants  and 
young  children  at  the  Post-Graduate  Hospital  during  the  past  two  years  and 
I  have  been  looking  for  adventitious  peritoneal  bands  and  have  found  in 
probably  one  third  of  the  cases  membranes  which  in  the  adult  would  be 
classified  as  abnormal  peritoneal  structures.  Looking  at  the  problem  from 
the  point  of  view  of  both  anatomy  and  pathology,  it  would  seem  that  in  these 
very  young  children  such  a  comparatively  high  percentage  of  cases  in  which 
these  membranes  are  found  would  rather  suggest  that  the  affair  is  of  a  devel- 
opmental character,  and  not  inflammatory,  as  there  are  no  other  evidences 
of  inflammation  in  the  peritoneal  cavity.  Pericolic  membranes,  Lane's  bands, 
or  membranes  about  the  hepatic  flexure  and  elsewhere  are  often  accom- 
panied, in  these  children,  by  extremely  lax  mesenteric  attachments,  so  that 
you  have  a  loose  mesocolon  running  from  the  csecum  right  around  to  the 
rectum.  In  cases  where  the  child  has  been  marasmic  we  have  noticed  that 
this  redundant  condition  of  the  mesocolon  is  marked.  Whether  the  adventi- 
tious membranes  are  related  to  the  laxity  of  the  peritoneal  ligaments  I  do 
not  know,  but  it  has  struck  me  that  these  bands  are"of  a  developmental  rather 
than  of  an  inflammatory  type. 
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ON  THE  PHOSPHORUS   CONTENT   OF  THE   BLOOD  OF 
NORMAL  AND  PARATHYROIDECTOMIZED  DOGS. 

Bt  isidor  greenwald. 

{From  the  Laboratories  of  Pathology  and  of  Biological  Chemistry  of  Columbia 
University  and  the  Chemical  Laboratory  of  the  Monlefiore  Home.) 

(Received  for  publication,  March  19,  1913.) 

As  a  result  of  previous  experiments  upon  dogs,'  in  the  course  of 
which  a  marked  retention  of  phosphorus  was  observed  after  removal 
of  the  parathjToid  glands,  it  became  of  interest  to  ascertain  the 
form  in  which  phosphorus  was  stored  in  the  organism  under  the 
experimental  conditions.  It  is  generally  conceded  that  the  tetanj' 
consequent  upon  parathjToidectomy  strongly  suggests  an  intox- 
ication b}'  a  circulating  toxin.  In  these  experiments,  therefore, 
the  amount  and  distribution  of  phosphorus  in  blood  and  serum 
was  investigated. 

The  experiments  were  conducted  in  pairs.  After  a  few  days' 
observation,  during  which  period  the  dog  was  kept  on  a  constant, 
weighed  diet,-  the  parathyroids  were  removed.  As  soon  as  the 
twitching  became  well  marked,  the  animal  was  exsanguinated.  In 
the  earlier  experiments  this  was  accomplished  under  ether  anes- 
thesia and  from  a  carotid  artery.  Later,  the  dogs  were  bled  from 
a  femoral  artery,  using  cocaine.  The  control  dog,  of  the  same 
sex  (except  in  some  of  the  earher  experiments),  and  of  nearly  the 
same  size  and  age,  was  fed  for  a  number  of  days  on  a  diet  that 
was,  per  kilo,  the  same  as  that  of  the  experimental  animal  and  was 
bled  at  the  same  interval  after  the  last  meal  as  was  the  parathy- 
roidectomized  dog.  In  this  way  it  was  hoped  to  eliminate  the 
effect  of  age,  sex,  the  absorption  of  food  and  of  long-continued 
tetany.^ 

'Greenwald:  Amer.  Journ.  of  Physiol.,  xxviii,  p.  103,  1911. 
I      '  This  never  contained  bone-ash.     Infusorial  earth  was  used  in  its  stead. 
I      '  For  further  details  as  to  the  conduct  of  the  experiments  see  Greenwald: 
loc.  cit. 
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37°  Phosphorus  Content  of  the  Blood 

For  the  estimation  of  phosphorus  a  slight  modification  of  the 
Neumann*  method  was  used.  It  was  found  that,  if  Neumann's 
directions  were  followed,  precipitation  of  the  phosphomolybdate 
was  not  always  complete.  If,  however,  after  oxidation  was  com- 
plete, the  acid  was  diluted  and  neutralized  with  ammonium  hydrox- 
ide, then  acidified  with  nitric  acid,  heated  to  about  65°,  complete 
precipitation  occuiTed  on  addition  of  ordinary  acid  molj-lidate 
solution  and  digestion  at  65°  for  one  or  two  hours.  The  mixture 
was  then  allowed  to  stand  at  room  temperature  for  several  hours, 
ordinarilj'  over  night,  then  filtered  on  a  Gooch  crucible  fitted  with 
a  piece  of  hardened  filter  paper  and  washed  with  cold  water.  The 
crucible  and  the  precipitate  were  placed  in  the  beaker  in  which 
the  precipitation  had  been  made  and  the  precipitate  was  dissolved 
in  a  slight  excess  of  standard  sodium  h3'droxide  solution  (approx- 
imately seventh-normal).  From  10  to  30  cc.  of  formalin,^  prev- 
iouslj'  neutralized  to  phenolphthalein  with  sodium  hj'droxide, 
were  added,  then  10  or  25  cc.  of  standard  acid  and  finally  standard 
sodium  hydroxide  solution  until  the  liquid  was  faintly  alkahne  to 
phenolphthalein.  The  volume  of  the  alkaline  solution  required, 
less  the  volume  of  the  acid  used,  multiplied  by  the  factor,  gave  the 
amount  of  phosphorus  in  the  sample.  Even  with  less  than  1 
mgm.  of  phosphorus  the  error  is  only  ±2  per  cent. 

For  the  estimation  of  the  different  forms  of  phosphorus  in  blood 
and  serum,  several  methods  were  tried.  Most  of  these  were 
found  to  be  unsuitable.  At  first  the  blood  was  received  in  tared 
flasks  containing  glass  beads  and  thoroughly  shaken.  The  flasks 
were  weighed  and  the  contents  transferred  to  a  bottle  containing 
several  volumes  of  95  per  cent  alcohol,  recently  distilled  over  sodium 
hydroxide.  After  standing  a  few  days,  the  mixture  was  filtered 
through  a  linen  bag  and  the  residue  extracted  with  hot  alcohol 
in  a  continuous  extraction  apparatus.  It  was  found  that  the 
extracts  were  always  deeply  colored  and  that  they  contained  con- 
siderable quantities  of  material  (hematin?)  which  made  subsequent 
separation  of  the  lipoids,  either  by  precipitation  with  chloroform' 
or  by  extraction  with  anhydrous  ether,  difficult  and  inaccurate. 

'Neumann:  Zeitschr.  f.  physiol.  Chem.,  x.\xvii,  p.  115,  1903. 
^Bang:  Biochcm.  Zeitschr.,  xxxii,  p.  443,  1911. 
"  Koch  and  Woods.  th\s  Journal,  i,  p.  206,  1906. 
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An  attempt  was  made  to  dr}-  the  blood  by  mixing  it  with  infus- 
orial earth  to  form  a  thick  paste  and  exposing  this  to  the  air,  or 
in  vacuo,  at  a  moderate  temperature  (30-35°) .  A  fine,  dry  powder 
was  readily  obtained  but  it  was  found  that  extraction  with  the 
usual  solvent,  removed  only  a  small  portion  of  the  phospholipins 
known  to  be  present. 

For  precipitation  of  the  proteins  and  extraction  of  the  lipoids, 
acetone  was  found  to  be  most  suitable.  Addition  of  four  volumes 
of  acetone  to  blood  or  serum  precipitates  protein  and  inorganic 
phosphates  completely.  Subsequent  treatment  of  the  precipi- 
tate with  hot  acetone  removes  the  lipoids  practically  completely 
but  does  not  affect  hemoglobin  nor  dissolve  inorganic  phosphate. 
If  the  acetone  extract  be  evaporated  and  the  lipoids  precipitated 
with  chloroform,  only  traces  of  phosphorus  are  found  in  the  fil- 
trate. After  extraction  with  acetone,  treatment  with  hot  alcohol 
and  ether  removes,  at  most,  only  traces  of  phosphorus  compounds 
from  serum  and  only  comparatively  small  amounts  from  whole 
blood. 

For  the  determination  of  water-soluble  phosphorus,  direct  ex- 
traction of  the  residue  from  the  lipoid  extraction  with  hot  water 
and  dialysis  were  tried.  Both  were  failures,  removal  of  inorganic 
phosphate  being  incomplete  within  any  reasonable  period.  Ex- 
traction with  dilute  hydrochloric  acid  was  also  unsuccessful,  for 
the  protein  swelled  to  a  jelly.  Direct  estimation  of  the  non-col- 
loidal phosphorus  of  serum  was  attempted  in  the  filtrate  from  the 
kaolin  precipitate  produced  by  the  method  of  Michaelis  and 
Rona,'  but  it  was  found  that  all  of  the  inorganic  phosphate  added 
could  not  be  recovered.     Apparently  some  had  been  adsorbed. 

The  procedures  that  give  the  best  results  "in  the  estimation  of 
water-soluble  phosphorus  are  the  following: 

1.  The  serum  or  blood  is  mixed  with  nine  or  nineteen  volumes, 
respectively,  of  a  solution  containing  1  per  cent  of  acetic  acid  and 
0.5  per  cent  of  picric  acid.  After  a  few  hours  the  liquid  is  filtered 
and  the  phosphorus  in  an  aUquot  portion  of  the  filtrate  is  estimated 
in  the  usual  manner. 

2.  The  dry  residue  from  the  lipoid  extraction  is  ground  to  a 
powder  and  treated  with  a  dilute  solution  of  hydrochloric  acid  (1 

'  Michaelis  and  Rona:  Biochem.  Zeilschr.,  vii,  p.  329;  viii,  p.  356,  1908. 
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per  cent  by  volume  of  the  concentrated  acid)  saturated  with  pic- 
ric acid.  Ten  or  twenty  volumes,  respectively,  of  this  solution 
are  used  for  each  volume  of  serum  or  blood  under  examination. 
The  mixture  is  shaken  at  intervals  and  allowed  to  stand  over 
night.  It  is  then  filtered  and  phosphorus  is  estimated  in  an  aliquot 
portion  of  the  filtrate. 

Concordant  values  for  the  phosphorus  precipitated  from  these 
extracts  by  barium  and  ammonium  hydroxides  were  not  obtained; 
consequently  only  total  phosphorus  was  estimated. 

That  these  methods  are  fairly  accurate  is  shown  by  the  figures 
given  in  tables  I-III. 

As  already  stated,  separation  of  the  phosphorus  compounds  of 
the  blood  into  various  fractions  was  not  successful  in  the  first 
series  of  experiments.  The  figures  given  in  table  IV  were  obtained 
by  adding  together  the  values  obtained  for  the  phosphorus  in  the 
different  fractions.  In  the  case  of  dog  111,  however,  the  total 
phosphorus  was  estimated  directly.  As  can  readily  be  seen,  the 
phosphorus  content  of  the  blood  of  the  parathyroidectomized 
dogs  was  greater  than  in  that  of  the  control  animals. 

In  the  two  following  experiments,  the  blood  was  mixed  with  in- 
fusorial earth  and  dried.  On  subsequent  extraction,  phospho- 
lipins  were  not  removed  by  the  usual  solvents.  However,  de- 
terminations of  the  total  solids,  nitrogen  and  phosphorus  were 
made  ^ath  the  results  indicated  in  table  V.  Six  months  later, 
samples  of  this  dry  powder  were  extracted  with  the  picric-hydro- 
chloric acid  mixture  and  phosphorus  estimated  in  th'e  extract. 
The  values  obtained  are  given  in  the  table. 

The  material  for  the  next  series  of  analyses  consisted  of  defib- 
rinated  blood  from  a  normal  and  a  parathyroidectomized  dog, 
obtained  in  the  course  of  other  experiments.  Data  relating  to 
the  sex,  weight  and  food  of  the  dogs  are  lacking.  In  this  series 
the  acetone  extraction  method  was  used  but  the  residues  were 
wasted  in  a  vain  attempt  to  remove  inorganic  phosphate  by  dialy- 
sis or  by  means  of  boihng  water.  However,  direct  estimations  of 
the  acid-extractable  phosphorus  were  made,  using  the  acetic  acid- 
picric  acid  mixture  already  described.  The  figures  obtained  are 
given  in  table  VI. 

The  blood  from  the  next  pair  of  dogs  was  allowed  to  clot.  The 
serum  was  centrifuged  to  remove  all  the  cells  and  then  analyzed. 
Unfortunately,  scarcity  of  material  and  a  series  of  accidents  made 
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it  impossible  to  determine  more  than  the  total  nitrogen  and  phos- 
phorus and  the  phosphorus  extracted  by  acetone  and  bj-  subse- 
quent treatment  with  absolute  alcohol  and  ether.  The  figures 
obtained  are  presented  in.  table  VII. 

Because  parathjToidectomy  was  not  followed  by  sjTnptoms  of 
parathjToid  insufficiency,  the  next  dog,  214,  had  both  thyroids 
removed.  Tetanj^  then  developed  and  the  dog  was  bled.  The 
blood,  as  also  that  of  the  control,  was  oxalated.  In  calculating 
the  results  of  the  analyses,  which  are  summarized  in  table  VIII, 
proper  allowance  has  been  made  for  the  weight  of  the  ammonium 
oxalate  solution  used. 

In  the  three  following  experiments,  perfectly  clear  serum,  almost 
free  from  hemoglobin,  was  obtained.  If  the  serum  is  at  all  red,  it 
contains  enough  inorganic  phosphate  derived  from  erythrocytes 
to  make  anah'sis  useless.  The  results  obtained  are  summarized 
in  table  IX. 

As  can  readily  be  seen  on  examining  the  tables,  the  total  amount 
of  phosphorus  in  the  blood  and  sermn  of  parathyroidectomized 
dogs  is  regularly  greater  than  in  normal  dogs.  This  increase  is 
not  associated  with  a  corresponding  increase  in  the  amount  of 
total  solids  or  of  nitrogen ;  on  the  contrary  it  may  be  very  marked 
in  the  presence  of  an  ecjually  pronounced  diminution  of  total  sol- 
ids and  nitrogen.  The  increase  seems  to  be  due  largely,  if  not 
entirelj",  to  an  increase  in  that  form  of  phosphorus  which,  for  want 
of  a  better  name,  we  have  called  acid-extracted  phosphorus.  A 
part  of  this  fraction  is  inorganic  phosphate;  whether  or  not  all 
of  it  is  inorganic,  cannot  be  stated.  The  amount  of  lipia-phos- 
phorus  in  the  blood  and  serum  of  dogs  varies  considerably  and, 
apparently,  bears  no  relation  to  the  presence  or  absence  of  the 
parathyroid  glands. 

Very  recently  Juschtschenko'  has  pubhshed  the  results  of  an 
investigation  into  the  nitrogen  and  phosphorus  content  of  the 
tissues  of  normal  and  parathyroidectomized  dogs.  Only  his  re- 
sults with  serum  need  concern  us  now.  He  dried  the  serum,  first 
at  30°,  then  at  65°,  and  estimated  inorganic  phosphate  by  the 
method  of  Stutzer  and  Nemnann.  He  states  that  the  amount  of 
inorganic  phosphate  of  the  serum  is  the  same  in  dogs  in  tetany 
and  in  normal  dogs.     He  makes  no  reference  whatever  to  his 

•  Juschtschenko:  Biochem.  Zeitschr.,  xl,  p.  64,  1912. 
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earlier  paper'  in  which  he  claimed  that  the  blood  of  dogs  and  rab- 
bits in  tetany  after  thjToidectomy  contained  more  inorganic  phos- 
phate than  did  the  blood  of  normal  animals.  It  is  also  interesting 
to  note  that,  in  the  two  instances  in  which  he  determined  the  phos- 
phorus in  the  residue  obtained  after  extraction  of  the  lipoids  from 
the  dried  serum,  the  higher  values  were  obtained  in  the  prepara- 
tions from  parathyroidectomized  dogs.  The  conclusions  drawn 
by  Juschtschenko  from  his  experiments  are  open  to  other  objec- 
tions. His  dogs  were  in  tetany  for  hours  and  daj's  before  they 
were  bled  so  that  it  is  impossible  to  distinguish  the  effect  of  the 
parathyroidectomy  from  the  possible  effect  of  the  tetany  and  inan- 
ition. Phospholipins  are  apt  to  decompose  when  kept  at  65° 
for  twenty-four  hours,  as  occurred  in  Juschtschenko's  method  of 
drying  the  serum.  Apparently  he  did  not  attempt  to  test  the 
accuracy  of  his  method,  to  see  if  inorganic  phosphate  added  to 
the  serum  could  be  recovered. 

SUMMARY. 

After  removal  of  the  parathyroid  glands,  the  total  phosphorus 
of  the  lilood  and  serum  of  dogs  is  increased.  This  may  be  ob- 
served at  a  time  when  the  tremor  is  still  very  slight.  The  increase 
may  be  as  much  as  160  mgm.  of  phosphorus  per  kilo  of  blood. 
The  greater  i^art  of  this  increase  is  in  the  fraction  which  is  insolu- 
ble in  the  usual  lipoid  solvents  but  is  soluble  in  a  mixture  of  dilute 
hydrochloric  or  acetic  and  picric  acids. 

It  is  with  great  pleasure  that  I  aclaiowledge  my  indebtedness 
to  Dr.  W.  G.  MacCallum,  who  was  kind  enough  to  remove  the 
parathyroids  from  the  animals  required. 

TABLE  I. 
Acid-exlractable  phosphorus  in  iS  cc.  of  ox-blood. 

(Results  expressed  as  cubic  centimeters  of  standard  solution  required  for 
titration  of  the  phosphomolybdate.) 


BXTBACTED  WITH  DILUTE  ACETIC  AND 
PICRIC  ACIDS 


EXTRACTED  WITH  HYDROCHLORIC  AND  PICRIC 

ACIDS,  AFTER  EXTRACTION  WITH  ACETONE 


CC. 

cc. 

20  45 

20.40 

20  50 

20  50 

20,50 

'  Juschtschenko:  Zeitschr.  f.  physiol.  Chem.,  Ixxv,  p.  141,  1911. 
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TABLE  II. 

Recovery,  by  the  picric-acetic  acid  method,  of  inorganic   phosphate  added  to 

blood. 

(MgjP.Oy  dissolved  in  dilute  HNO,,,  neutralized  with  NaOH  before 
adding  to  the  blood.  Results  expressed  as  cubic  centimeters  of  standard 
solution  required  for  titration  of  the  phosphomolybdate.) 


NDMBER 

BLOOD 

ADDED  PHOSPHATE 

BLOOD  AND 
PHOSPHATE 

PHOSPHATE 
RBCOVEBED 

CC. 

CC, 

CC. 

CC. 

1          / 

15.17 

49.85 

64.00 

48.83 

15.17 

0       / 

20.45 

49.85 

70,50 

50.02 

"         \ 

20.50 

49.85 

70.70 

50.22 

49.85      ' 

70.10 

49.62 

3     ^ 

26.4 

66.0 

92.2 

65.8 

26.2 

06,0 

92.0 

65.8 

TABLE  III. 

Recovery,  by  the  picric-hydrochloric  acid  method,  of  inorganic  phosphate  added 

to   blood. 

(MgoPjOy  dissolved  in  dilute  HNO3,  neutralized  with  NaOH  before 
adding  to  blood.  Results  expressed  as  cubic  centimeters  of  standard 
solution  required  for  titration  of  the  phosphomolybdate.) 


ACETONE-SOLUBLE 

PHoaPHoans 

ADDED 
PHOSPHATE 

ACID-EXTRACTED  PHOSPHORUS 

PHOSPHATE 

Blood 

Blood  and 
phosphate 

Blood 

Blood  and 
phosphate 

RECOVERED 

CC. 

11.45 

CC. 

11.60 
11.30 

CC. 

49.95 
49.85 
49.85 

CC. 

20  40 
20  50 
20.50 

CC. 

69.60 
70.45 
71.33 

CC- 

49.20 
49.95 
50.83 

TABLE  IV. 
Total  phosphorus  in  blood  from  normal  and  parathyroidectomized  dogs. 


HUMBER 

PARATHTROIDECTOMIZED 

NUMBER 

CONTHOIi 

mgm.  per  kilo 

mgm.  per  kilo 

105 

477 

107 

521 

108 

425* 

110 

512 

109 

416 

111 

474t 

*  Parathyroids  removed  ten  days  before  bleeding;  no  symptoms, 
t  Chronic  latent  tetany.     See  protocol  of  experiment  below. 
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Dog  105.  Fox-terrier,  male,  weight  10.70  kilos.  The  parathyroids  were 
removed  at  10  a.m.,  January  19,  1911.  On  the  following  day,  slight  twitch- 
ing was  noticed  at  2  p.m.  This  was  more  marked  at  3  p.m.,  when  the  dog 
was  exsanguinated. 

Dog  107.  Mongrel,  bitch,  weight  9.20  kilos.  Parathyroidectomy  was 
performed  at  2  p.m.,  January  31,  1911.  Slight  twitching  was  noticed  at  2.30 
p.m.,  February  4,  and  at  3.30  the  dog  was  bled. 

Dog  lOS.  Mongrel,  male,  weight  8.35  kilo.  Four  parathyroids  were  re- 
moved on  February  4,  1911.  No  symptoms  appeared  and  the  dog  was  bled 
at  3  p.m.,  February  14. 

Dog  109.  Bull-terrier,  bitch,  weight  S..30  kilos.  Exsanguinated  at  4.30 
p.m.,  February  14,  1911. 

Dog  110.  Beagle,  bitch,  weight  9.60  kilos.  Parathyroidectomy  was 
performed  at  3  p.m.,  February  10,  1911.  Very  slight  twitching  was  noticel 
at  3.30  p.m.,  February  12.  This  gradually  became  more  marked  until,  at 
5.30  p.m.,  the  dog  was  exsanguinated. 

Dog  HI.  Bull-terrier,  bitch,  weight  13.0  kilos.  Parathyroidectomy  was 
performed  on  March  21,  1911,  but  no  symptoms  of  parathyroid  insufBciemy 
appeared  within  the  following  two  weeks.  On  April  6,  a  pup  was  born  pre- 
maturely and  died  the  same  day.  Another  was  born  the  following  morning 
and  lived  about  twenty-four  hours.  On  the  morning  of  April  8,  a  slight 
tremor  was  noticed.  This  grew  more  marked  and  continued  several  days. 
Two  pups  were  found  in  the  cage  on  the  morning  of  April  10.  They  were 
quite  well  developed  but  the  mother  paid  little  attention  to  them  and  they 
died  the  following  morning.  On  this  day  (April  11),  four  pups  made  their 
appearance.  The  mother  suckled  them  but  one  died  on  the  16th  and  an- 
other on  the  17th.  The  other  two  survived  and  were  raised  to  an  age  of 
about  four  months  when  they  were  unfortunately  lost.  They  seemed  to 
be  quite  normal.  The  mother  continued  in  tremor  until  April  21,  two  weeks 
in  all.  In  June,  attempts  were  made  to  induce  tetany  by  feeding  large 
quantities  of  meat  and  of  extract  of  beef.  These  were  not  successful. 
After  a  return  to  the  usual  diet  for  three  days,  the  dog  was  bled  at  3  p.m. 


TABLE  V. 


Analyses  of  blood  fioni  a  paraihyroideciomized  dog  (209)  and  from  a  normal 

dog  (810). 


200 


210 


Total  solids.  ^ 

Total  nitrogen .... 
Total  phosphorus. 


17.80  per  cent. 
2.31  per  cent. 
592.7      mgm.    per 
kilo. 


Phosphorus  extracted  with  di-i 

lute  acid ]  387.4 

!      kilo. 


mgm.     per 


24.26  per  cent. 
3.16  per  cent. 

430.3  mgm.    per 
kilo. 

290.4  mgm.    per 
kilo. 
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Dog  209.  Bull-terrier,  male,  weight  13.50  kilos.  The  parathyroids  were 
removed  at  10.30  a.m.,  March  1,  1912.  A  slight  tremor  was  noticed  at  2.30 
p.m.,  the  following  day.  This  became  a  little  more  marked  during  the 
afternoon  but  was  not  severe  at  2.30  a.m.,  March  3.  There  was  pronounced 
twitching  at  10.20  a.m.  and  the  dog  was  bled  to  death. 

Dog  210.  Bull-terrier,  male,  weight  13.00  kilos.  Exsanguinated  at  9  a.m., 
March  8. 

TABLE  VI. 

Analyses  of  blood  from  a  parathyroidectomized  dog  and  a  normal  dog. 


PABATHTROIDECTOMIZED 


3.02  per  cent. 
482     mgm.  per  kilo. 


Total  nitrogen 

Total  phosphorus 

Phosphorus  extracted  with  ace- 
tone   j  145      mgm.  per  kilo. 

Phosphorus  extracted  with  al-i 
cohol  and  ether i     11,7  mgm.  per  kilo. 

Phosphorus  extracted  with 
picric-acetic  acid  solution. . .    284     mgm.  per  kilo. 


2.97  per  cent. 
409     mgm.  per  kilo. 

135     mgm.  per  kilo. 

12.2  mgm.  per  kilo. 

239     mgm.  per  kilo. 


TABLE  VII. 
Analyses  of  serum. 


Total  nitrogen 

Total  phosphorus 

Phosphorus  extracted  with  ace 
tone 

Phosphorus  extracted  with  al- 
cohol and  ether 


PABATHTROIDECTOMIZED 
DOO  212 


9.833  gm.  per  kilo. 
209  mgm.  per  kilo. 

129  mgm.  per  kilo. 

Trace 


NORMAL  DOO  213 


9.350  gm.  per  kilo. 
179  mgm.  per  kilo. 

133  mgm.  per  kilo. 

Trace 


Dog  212.  Bull-terrier,  bitch,  weight  13.50  kilos.  The  parathyroids  were 
removed  at  11.30  a.m.,  June  17,  1912.  At  4  p.m.,  the  following  day,  the  dog 
was  in  tetany  and  was  exsanguinated. 

Dog  213.  Mongrel,  bitch,  weight  11.60  kilos.  Bled  at  4  p.m.,  June  22, 
1912. 
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TABLE  VIII. 

Phosphorus    in  blond  from  a  thyro-parathyroidectomized   dog    (214)    and   a 

normal  dog  {2HB). 


MILLIGRAMS  PHOSPHORUS  PER 
KILO  OF   BLOOD 


Total 

Extracted  with  acetone 

Extracted  with  alcohol  and  ether 

Extracted  with  picric-hydrochloric  acid.. 
Not  accounted  for  (protein  phosphorus?) 


214 

2MB 

436 

370 

162 

140 

8 

233 

192 

I            33 

31 

Dog  ZlJf.  Mongrel,  male,  weight  12.40  kilo*.  Parathyroidectomy  was 
performed  July  16,  1912.  Tremor  did  not  appear,  nor  was  the  excretion  of 
phosphorus  diminished.  At  4.30  p.m.,  July  20,  both  thjToids  were  removed. 
At  11.30  p.m.,  the  following  day,  there  was  slight,  occasional  twitching. 
This  was  more  evident  at  9  a.m.  the  next  morning  and  the  dog  was  bled  to 
death. 

Dog  £14B.  Mongrel,  male,  weight  13..50  kilos.  Bled  at  9  a.m.,  August 
9,  1912. 

T.\BLE  IX. 

Phosphorus  in  serum  from  parathyroidectoinized  and  normal  dogs. 


PHOSPHORUS  PBB  KILO  OP  SEBUH 


Total 

Acetone 

extract 

Acid 
extract 

Residue 

Parathvroidectomized 

mgm. 

mgm. 

mgm. 

mgm. 

215 

212 

149 

62.3 

217 

222 

128 

76.7 

219* 

291 

194 

87.7 

3.8 

Xormal 

216 

157 

131 

26.9 

218 

244 

186 

44.4 

2.4 

220 

167 

110 

45.5 

•Complete  thyroidectomy. 


Dog  B15.  St.  Bernard,  male,  weight  26.0  kilos.  The  parathyroids  were 
removed  in  the  afternoon  of  October  31,  1912.  Slight  tremor  appeared  at 
6  p.m.,  November  3.  At  S.30,  twitching  was  quite  pronounced  and  the  dog 
was  bled. 
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Dog  216.  Mongrel,  male,  weight  14.0  kilos.  Bled  at  S  p.m.,  November 
16,  1012. 

Dog  217.  Bull-terrier,  male,  weight  11.0  kilos.  Parathyroidectomy  was 
performed  on  the  morning  of  November  25,  1912.  Tremor  was  doubtful 
at  9  a.m.,  November  27  but,  at  3  p.m.,  the  dog  had  a  severe  attack  of  tetany 
and  at  3.45  was  e.xsanguinated . 

Dog  2tS.  ^longrel,  male,  weight  9.45  kilos.  Bled  at  4.30  p.m.,  February 
12,  1913. 

Dog  219.  Mongrel,  male,  weight  14.7  kilos.  Four  parathyroids  were 
removed  on  December  19,  1912.  As  no  symptoms  appeared,  the  right  thy- 
roid was  removed  on  December  22.  This  was  also  without  apparent  effect 
and  at  3  p.m.,  December  25,  the  other  thj-roid  was  removed.  At  8  p.m., 
December  29,  there  was  slight,  though  unmistakable,  twitching.  Xo 
change  was  observed  at  10.30  p.m.  and  the  dog  was  bled.  A  severe  attack 
of  tetany  occurred  during  the  bleeding. 

Dog  220.  Mongrel,  male,  weight  IG.O  kilos.  Bled  at  10.30  p.m.,  Janu- 
ary 12,  1913. 
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FURTHER   METABOLISM    EXPERIMENTS   UPON   PARA- 
THYROIDECTOMIZED  DOGS. 

Bt  isidor  greenwald. 

{From  the  Laboratories  of  Pathology  and  of  Biological  Chemistry  of  Columbia 
University  and  the  Chemical  Laboratory  of  the  Moniefiore  Home.) 

m  (Received  for  publication,  March  19,  1912.) 

In  a  previous  paper,'  the  author  described  a  series  of  metabolism 
experiments  upon  parathjToidectomized  dogs.  The  most  strildng 
change  in  the  metabohsm  observed  after  removal  of  the  parathy-  t^^ 

roids  was  the  very  marked  diminution  in  the  excretion  of  phos- 
phorus in  the  urine.  This  was  not  accompanied  by  an  increase 
in  the  elimination  of  phosphorus  in  the  feces.  Apparently  there 
was  a  retention  of  phosphorus  in  the  body. 
*  One  of  the  questions  that  then  arose  was:  Is  this  retention  of 
phosphorus  a  primary  metabolic  disturbance  or  is  it  secondary  to  a 
retention  of  sodium  or  of  potassiima  or  of  both?     The  experiments  ^' 

here  reported  were  designed  to  answer  this  question.     The  results  ^ 

leave  no  doubt  that  the  retention  of  phosphorus  is  primary.  In 
none  of  the  experiments  was  there  any  indication  of  a  retention  of 
sodium  or  of  potassium  preceding  that  of  phosphorus.     In  three,  ^' 

the  fall  in  the  phosphorus  elimination  occurred  a  day  before  the  " 

excretion  of  sodium  and   potassium  was  affected.     In  the  other  " 

two,  the  excretion  of  all  three  substances  was  diminished  on  the 
day  of  the  operation. 

The  significance  of  these  experiments  is  not  altogether  clear.     It  '^ 

may  be  that,  after  parathjToidectomy,  the  ratio  between  the  con-  ^ 

centrations  of  calcium  and  of  sodium  and  potassium  in  the  body- 
fluids  is  altered  not  so  much  by  loss  of  calcium  as  bj'  retention  of  "  ^ 
sodium  and  potassium.     A  few  analyses  of  serum  indicate  that  ^" 
this  is  the  case.     Whether  or  not  such  a  change  can  be  regarded  '• 

r 
'Greenwald:    Amer.  Journ.  of  Physiol.,  xxviii,  p.  103,  IQll.  - 
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as  the  cause  of  tetany  is,  of  course,  questionable.  However, 
since  these  changes  in  the  excretion  of  phosphorus,  sodium  and 
potassium  are  so  marked,  it  seemed  desirable  that  the  content 
of  these  substances  in  the  tissues  be  investigated.  Some  work 
has  already  been  done  on  the  amount  and  nature  of  the  phosphorus 
compounds  of  the  blood  and  serum  of  normal  and  parathyroidec- 
tomized  dogs.  An  account  of  these  experiments  is  given  in-  the 
followng  paper. 

As  in  the  previous  experiments,  the  author  is  indebted  to  Dr. 
W.  G.  MacCallum,  who  was  kind  enough  to  operate  upon  the 
animals  required. 

EXPERIMENTAL. 

The  conduct  of  the  experiments  was  similar  to  those  previously 
reported.-  The  analytical  procedures  were  the  same  with  the 
following  additions  and  changes: 

Phosphates.    Titration  with  uranium  acetate,  using  cochineal  as  indicator. 

Mineral  acidity.     The  Folin  method.' 

Potassium  and  sodium.  Fifty  cc.  of  urine  are  ashed,  with  the  aid  of  a 
little  sulphuric  acid,  in  a  platinum  dish.  The  residue  is  dissolved  in  watfir 
and  treated  with  an  excess  of  barium  hydroxide.  The  precipitate  is  filtered 
out  and  washed  thoroughly.  A  slight  excess  of  sulphuric  acid  is  added  to 
the  filtrate.  After  filtering  from  the  barium  sulphate,  the  liquid  is  evapora- 
ted to  dryness  in  a  weighed  platinum  dish,  which  is  then  ignited  and  weighed. 
(The  trace  of  calcium  present  is  included  but  may  be  disregarded.)  The 
residue  is  dissolved  in  about  20  cc.  of  water,  2  cc.  of  glacial  acetic  acid 
are  added  and  the  potassium  precipitated  as  the  cobaltinitrite  by  adding 
20  cc.  of  the  solution  of  Adie  and  Wood,'  drop  by  drop  (this  was  found  to  be 
necessary  to  ensure  correct  results).  After  standing  over  night  the  precipi- 
tate is  filtered  off  on  a  Gooch  crucible  fitted  with  a  piece  of  filter  paper, 
and  washed  with  10  per  cent  acetic  acid,  as  recommended  by  Thompson  and 
Morgan,'  whose  directions  are  followed  from  this  point.  The  crucible  with 
the  precipitate  is  placed  in  the  beaker  in  which  the  precipitation  has  been 
made,  an  excess  of  barium  hydroxide  solution  is  added  and  the  liquid  is  ! 
boiled  for  two  or  three  minutes.  The  precipitate  of  cobalt  hydroxide  is  , 
filtered  off  and  washed.  The  filtrate  and  washings  are  diluted  to  a  definite 
volume,  generally  250  cc.     This  liquid  is  then  run  into  a  hot,  dilute  standard  | 

^  Greenwald  :'Zoc.  cit. 

'  Folin:  Amer.  Journ.  of  Physiol.,  ix,  p.  265,  1903. 

'  Adie  and  Wood:  Journ.  of  the  Chem.  Sac,  Ixxvii,  p.  1076,  1900. 

'  Thompson  and  Morgan:  Journ.  of  Ind.  and  Eng.  Chem.,  iii,  p.  .398,  1911.1 
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solution  of  potassium  permanganate,  containing  sulphuric  acid,  until  this 
is  decolorized.  From  the  volume  required,  the  amount  of  potassium  is 
calculated  and  from  this  and  the  weight  of  the  mixed  sulphates,  the  amount 
of  sodium. 

T.\BLE  I. 

Excretion  of  phosphorus  after  incomplete  (?)  parathyroidectomy.     Dog  205. 


DATE 
1912 

WEIGHT 

TOLT7ME 

BP.  GB. 

PHOS- 
PHATES 

BGUABKS 

February 

kilos 

CC. 

mgm.  P. 

6 

11    67 

385 

.301 

7 

11.72 

360 

1  019 

366 

8 

11.70 

380 

020 

393 

9 

11.70 

400 

019 

406 

10 

11.70 

450 

018 

511 

11 

11.70 

400 

020 

438 

12 

415 

021 

467 

Parathyroidectomy, 

13 

11.70 

400 

017 

353 

12  noon,  Feb.  11. 

14 

11.72 

330 

022 

324 

15 

11.72 

380 

020 

445 

At  no  time  did  the  dog  show  any  evidence  of  a  parathyroid  insufficiencj'. 
The  e.xcretion  of  phosphorus  remained  almost  unchanged. 


TABLE  II. 
Urinary  data.     Dog  209. 


D.^TE 
1912 

VOLDME 

SP.  OR. 

KITBOGEN 

CHLOBINB 

PHOS- 
PHATES 

POTASSIUM 

SODtDM 

February 

CC. 

grams 

mgm. 

mgm.  P, 

mgm. 

mgm. 

27 

600 

1.016 

j    7.567 

605 

651 

1027 

370 

28 

460 

1.020 

1    7.741 

240 

562 

727 

32 

29 

400 

.1.018 

6  760 

173 

493 

697 

28 

March 

1 

430 

1.017 

6.578 

163 

437 

627 

54 

2 

200 

1.031 

5 .  675 

29 

11 

618 

8 

3 

420 

1.014 

5.S."5S 

102 

14 

278 

28 

The  dog  weighed  13..')0  kilos.  Parathyroidectomj-  was  performed  at 
10.30  a.m.,  ^larch  1.  A  slight  tremor  was  observed  at  2..30  p.m.,  March  2. 
This  gradually  increased  in  severity  until  10.20  a.m.,  March  3,  when  the  dog 
was  exsanguinated.  In  spite  of  the  very  marked  diminution  in  the  excretion 
of  phosphorus  on  the  day  of  the  operation,  the  elimination  of  potassium 
remained  unchanged  until  the  following  day. 
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TABLE  lU. 
Urinary  data.     Dog  212. 


DATE 

1912 

WEIGHT 

VOLUME 

BP.  OR. 

NITBOG&N 

PHOS- 
PHATES 

MINEBAL 
ACIDITT 

June 

kilos 

„. 

grams 

mgm.V. 

CC.  Yg-  acid 

13 

13.55 

540 

1.026 

12.65 

746 

440 

14 

13.50 

550 

1.022 

11.38 

718 

624 

15 

13.50 

490 

1.021 

9.56 

616 

595 

16 

13.50 

400 

1.024 

9.51 

639 

619 

17 

13.60 

460 

1.026 

9.40 

551 

561 

18 

140* 

1.036 

4.80 

115 

127 

18  p.m. 

360 

1.021 

8.34 

148 

317 

*  A  small  quantity  of  urine  was  lost. 

The  parathyroids  were  removed  at  11.30  a.m.,  June  17.  Symptoms 
appeared  on  the  afternoon  of  the  following  day.  The  dog  was  bled  to  death 
at  4  p.m.  On  the  day  of  the  operation  the  lessened  phosphorus  excretion 
was  paralleled  by  diminished  mineral  acidity.  The  latter  was  increased 
somewhat  on  the  following  day,  due,  presumably,  to  a  retention  of  potas- 
sium and  sodium. 

TABLE  IV. 
Urinary  data.     Dog  214- 


DATE 
1912 

VOLUME 

8P.  OR. 

NITBOGEN 

PHOS- 
PHATES 

CHLOBINE 

MINERAL 
ACIDITT 

July 

CC. 

grams 

mgm.  P. 

mgm. 

cc.-^acid 

9 

300 

1020 

6.566 

369 

10 

360 

1020 

8.335 

511 

11 

320 

1020 

8.170 

476 

12 

430 

1026 

4  960 

317 

13 

4.960 

317 

14 

550 

1013 

8.880 

531 

256 

435 

15 

430 

1015 

7.163 

454 

241 

365 

16 

350 

1020 

7.152 

425 

210 

333 

17 

300 

1028 

7,290 

435 

471 

96 

IS 

400 

1016 

8-145 

317 

162 

359 

19 

350 

1021 

S  046 

348 

249 

390 

20 

230 

1027 

10  000 

481 

273 

453 

21 

560 

8.108 

257 

245 

221 

22 

450 

1016 

8.106 

147 

147 

251 

The  dog  weighed  12.40  kilos.  Parathyroidectomy  was  performed  at 
11  a.m.,  July  16.  There  was  a  slight  fall  in  the  e.xcretion  of  phosphorus 
but  no  other  indication  of  parathyroid  insufficiency.  On  July  20,  at  4.30 
p.m.,  both  thyroids  were  removed.  The  output  of  phosphorus  immediately 
decreased.     Slight  twitching  was  noted  at  11.30  p.m.,  July  21.     The  next 
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morning,  the  twitching  was  more  marked  and  the  dog  was  killed.  The  very 
marked  drop  in  the  mineral  acidity  on  the  day  of  the  first  operation  cannot, 
at  present,  be  satisfactorily  explained.  After  the  second  operation,  the 
mineral  acidity  fell  with  the  excretion  of  phosphorus. 

TABLE  V. 
Urinary  data.     Dog  $15. 


DATE 
1912 

NITROGEN 

PH0SPH.4TES 

CHLOKINB 

POTASSIDM 

SOOICH 

October 

grama 

mgm.  P. 

mgm. 

Tngm. 

mgm. 

26 

10.73 

874 

800 

823 

166 

27 

8.39 

717 

533 

629 

105 

28 

12.48 

1035 

924 

1282 

466 

29 

8.89 

744 

382 

694 

140 

30 

12.68 

1166 

1560 

1275 

519 

31 

8.38 

685 

637 

619 

383 

November 

1 

10.36 

560 

1668 

869 

1143 

2 

5.08 

171 

312 

166 

80 

3 

14.63 

832 

1184 

791 

125 

3  p.m. 

7.17 

475 

629 

685 

75 

The  dog  weighed  26.0  kilos.  Parathyroidectomy  was  performed  in  the 
afternoon  of  October  31.  Slight  tremor  was  observed  at  6  p.m.,  November 
3.  At  8.30  p.m.,  there  was  severe  twitching  and,  at  9  p.m.,  the  dog  was 
killed.  On  the  day  of  the  operation  there  was  a  pronounced  fall  in  the  elimi- 
nation of  phosphorus.  The  usual  amount  of  potassium  was  excreted  and 
the  output  of  sodium  was  greater  than  on  any  other  day. 

TABLE  \T. 
Urinary  data.  Dog  S17. 


DATE 

1912 

NITROGEN 

PHOSPHATES 

POTASSIUU 

soDinu 

November 

grams 

mgm.  P. 

mgfn. 

mgm. 

21 

5.479 

393 

549 

291 

22 

6.340 

494 

599 

268 

23 

6.803 

520 

620 

277 

24 

9.202 

731 

1133 

702 

25 

6.571 

533 

757 

218 

26 

7.352 

242 

320 

53 

27 

6.750 

310 

235 

21 

27  p.m. 

2.623 

113 

212 

18 

The  dog  weighed  11.0  kilos.  The  parathyroids  were  removed  on  the 
morning  of  November  25.  At  3  p.m.  November  27,  the  dog  was  in  tetany 
and  was  exsanguinated.  In  this  experiment  the  excretjon  of  potassium  and 
sodium  paralleled  that  of  phosphorus. 
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EXPERIMENTAL  STUDIES  ON  THE  NERVOUS 

MECHANISM  IN  THE  PRODUCTION  OF 

HYPERPLASIA 

Walter  Timme,  M.D. 
member  of  the  new  york  neurological  society;  assistant  physician, 

NEUROLOGICAL   INSTITUTE,    NEW    YORK   CITY 

Du  Bois-Reymoiul  in  1843  '  i)  first  gave  us  our  definite  knowl- 
edge of  the  electrical  properties  of  living  tissue.  A  muscle  with 
its  nerve,  removed  from  the  body,  gives  different  electrical  poten- 
tials at  the  cut  surface  and  at  the  longitudinal  uninjured  one. 
Therefore,  a  flow  of  current,  measurable  with  a  galvanometer, 
is  determined  between  the  two  points.  This  makes  of  such  a 
muscle-nerve  preparation  an  actual  electric  battery.  Du  Cois- 
Reymond  maintained  that  these  currents  existed  continuously  in 
the  living  body  during  life.  Claude  Bernard  (2),  opposing  him, 
stated  that  the  current  is  found  only  in  active  tissue  and  not  in 
quiescent  muscle;  and  Hermann  (3),  following  him,  found  that  in 
uninjured  muscle  the  potentials  at  various  points  were  equal,  and 
therefore  no  current  was  produced.  He  called  the  "  natural  cur- 
rents "  of  Du  Bois-Reymond,  "  currents  of  injury."  Both  of  these 
objections,  however,  seem  invalid  :  for  there  is  no  such  thing  in  the 
living  body  as  a  quiescent  muscle,  and  one  cannot  determine  diflfer- 
ences  of  potential  by  taking  points  on  the  surface  of  the  muscle 
only.  In  fact,  the  chemical  changes  constantly  taking  place  coin- 
cident with  metabolism  in  all  tissue  must  determine  a  current  flow. 
I  do  not  desire  at  this  time  to  present  any  arguments  either  for  or 
against  the  theory  of  a  constant  flow  of  current  pervading  all  the 
living  structure,  produced  by  these  living  processes  of  metabolism; 
and  conveyed  by  the  various  nerve  elements  to  the  controlling  and 
regulating  central  systems,  thence  in  its  modified  form  returning 
to  its  points  of  original  departure,  completing  the  cycle.  Sufficient 
to  state  now,  that  there  is  a  great  probability  of  the  presence  of 
such  a  circulating  nerve  current ;  circulating,  for  it  has  never 
seemed  reasonable  to  suppose  that  a  nerve  impulse,  //  electrical  in 

3" 
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character,  could  be  initiated  at  one  end  of  a  path  to  produce  an 
effect  at  the  other  end,  without  there  being  a  completed  circuit 
back  to  the  point  of  original  departure.  The  existence  of  com- 
plete circuits  for  the  nerve  impulses  to  travel  might  necessitate  the 
presence  of  many  more  axones  than  nerve  cells.  Of  course,  this 
would  be  in  opposition  to  the  present  theory  of  neurones  each  with 
its  one  axis  cylinder.  But  both  Nissl  (4)  and  Bethe  (5)  state  that 
from  their  studies  they  are  convinced  of  the  far  greater  number 
of  axones  present'  in  the  cerebrum  than  nerve  cells,  and  advance 
this  fact  as  destructive  of  the  neurone  theory  of  Waldeyer. 
Furthermore,  Ramon  y  Cajal  (6),  in  describing  certain  end-organs 
of  the  skin,  states  that  "  each  nerve  trunk  divides  into  tzi'o 
branches  which  surround  more  or  less  perfectly  the  hair  follicle, 
each  with  a  free  extremity.  The  ordinary  end  organ  is  innervated 
by  tzi'o  independent  systems  of  fibers."  So  that  we  see  that  his- 
tologically there  may  he  a  basis  for  a  completed  circuit  for  the 
nerve  impulse. 

Proceeding  then  u])on  the  above  supposition,  that  the  nerve 
impulses  produced  by  metabolism  travel  in  certain  .circuits,  it 
remains  to  find  an  organ  with  its  nervous  mechanism  suitable  for 
experimentation.  For  many  reasons,  the  vagus  nerve  (below  the 
branches  given  oft'  to  the  esophageal  plexus),  and  its  related 
organ,  the  stomach,  oft'er  ideal  conditions.  This  organ  receives 
fibers  from  both  the  vagus  and  the  sympathetic ;  and  moreover, 
these  fibers  do  not  travel  in  a  common  trunk,  as  is  the  customary 
condition  elsewhere  in  the  body,  but  arrive  independently ;  uniting 
only  at  the  plexuses  of  ]Meissner  and  Auerbach  within  the 
stomach  wall.  L.  R.  Miiller  (7)  is  authority  for  the  statement 
that  the  vagus  is  differentiated  from  all  other  cranial  nerves,  for 
the  reason  that  it  serves  the  abdominal  organs  without  the  inter- 
position of  sympathetic  ganglia :  and  that  there  is  a  distinct 
antagonism  between  the  vagus  fibers  and  the  sympathetic  to  the 
stomach,  both  physiological  and  pharmacological.  And  Haiden- 
hain  (8)  states  that  the  physiological  functions  of  these  nerves 
on  the  gland  cells  of  the  gastric  mucosa  are  respectively 
"  secretory  "  and  "  trophic." 

Xow,  if,  without  disturbing  too  much  the  motility  and  func- 
tion of  the  stomach,  we  can  succeed  in  causing  the  nerve  current 
produced  by  the  activity  of  the  gastric  cells  to  flow  in  diminished 
volume  via  the  vayus.  the  excessive  remainder  must  travel  bv  the 
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sympathetic.  If  it  travels  tiiis  route  it  incidentally  stimulates  the 
control  exerted  by  this  system  over  the  trophic  functions  of  the 
gastric  cells,  i.  e.,  their  growth,  reproduction  and  repair.  Our 
problem  was  to  determine  the  truth  or  falsity  of  this  inference. 
Furthermore,  the  method  of  operating  upon  the  vagi,  heretofore, 
was  simply  to  divide  them.  fSchiff  (9),  Pawlow  (10),  Cannon 
(11),  v.  Yzeren  (12)).  This  not  only  actually  interfered  with 
their  part  entirely  in  the  digestive  process,  but  also  provided  a 
situation  rarely,  if  ever,  met  with  in  actual  life — a  distinct  nerve 
separation.  By  the  present  method  of  vagus  ligation,  while  the 
nerves  are  not  left  entirely  intact,  yet  a  sufficient  number  of 
fibers  are  left  to  carry  on  some  of  the  vagus  function,  and  a 
condition  frequently  met  with  in  actual  life  is  reproduced — 
namely  a  pressure  neuritis. 

Operation. — ^The  animals  used  for  experimentation  were  cats, 
and  they  were  prepared  for  operation  by  the  usual  methods.  The 
anesthetic  was  ether  administered  by  the  insufflation  method  of 
Meltzer  and  Auer.  As  there  was  much  difficulty  experienced  in 
passing  a  catheter  through  the  larynx,  tracheotomy  was  resorted 
to  as  a  preliminary  in  each  case,  and  the  catheter  then  passed 
directly  into  the  trachea.  Air  was  given  with  the  ether  in  con- 
siderable quantity,  and  every  few  minutes  the  administration  was 
stopped  to  allow  the  animal  to  breathe  normally.  Then  the 
thorax  was  opened  by  an  incision  parallel  to  the  ribs  at  the  seventh 
interspace,  left  side,  a  self-retaining  retractor  inserted,  and  its 
blades  separated  widely.  This  exposed  the  thoracic  viscera  and 
gave  ample  freedom  for  the  purpose  in  view.  The  lungs  and 
heart  were  then  pushed  upward,  and  gauze  inserted  to  keep  them 
from  the  field.  After  cutting  through  the  posterior  layers  of 
pleurae,  the  esophagus  was  easily  within  reach  from  a  point  two 
inches  above  the  diaphragm  to  the  diaphragm,  and  the  anterior 
vagus  (the  left)  was  then  exposed.  It  was  ligated  with  a  coarse 
though  soft  cord,  and  rather  less  force  exerted  in  tying  than  is 
used  to  tie  off  a  medium-sized  artery.  The  same  process  was 
undergone  with  the  i^osterior  vagus  fright"),  the  thoracic  wound 
closed,  catheter  removed  and  trachea  sutured,  finally  closing  the 
neck  wound.  The  thorax  was  tightly  Ijandaged,  the  neck  wound 
dressed,  and  the  animal  was  left  to  recover. 

Post-operative. — For  a   few  days,  the  cats  would  take  only 
milk  and  seemed  under  much  shock,  but  gradually  other  food 
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would  be  taken ;  so  that  by  the  end  of  a  week  or  ten  days  they 
would  eat  meat  and  fish  also.  Of  nine  animals  thus  operated 
upon,  one  died  of  inanition  after  seven  days,  two  directly  after 
operation,  and  one  of  sepsis  due  to  scratching  off  the  neck 
bandage.  The  other  five  lived.  In  cats  No.  i  and  No.  2,  only 
the  left  vagus  was  tied  off ;  in  the  others,  both  vagi  were  ligated. 
All  five  animals  gained  weight,  but  acted  rather  sluggishly.  They 
were  killed  at  various  times  between  11 1  and  140  days  after 
operation.  In  each  case  the  animal  was  killed  between  five  and 
six  hours  after  a  full  meal.  As  controls,  three  well  nourished 
animals  were  used.  These  were  fed  similarly  to  those  operated 
upon  and  also  killed  5-6  hours  after  a  full  meal.  These  are 
designated  in  the  table  as  Ni,  N2,  and  N3. 

Upon  opening  the  abdomen  in  the  operated  animals,  the  most 
noticeable  condition  was  the  still  full  appearance  of  the  stomach, 
and  the  hardness  of  the  stomach  walls.  The  large  intestine  also 
seemed  unduly  large  in  calibre  and  in  length.  In  the  thorax, 
below  the  ligature,  the  vagus  seemed  like  a  silver  thread,  about 
one  quarter  to  one  third  the  size  of  the  portion  above  the  ligature. 
Upon  opening  the  stomach  from  cardia  to  pylorus  it  was  found 
filled  to  its  capacity  with  only  slightly  digested  masses  of  meat, 
almost  dry,  and  the  various  masses  still  discrete.  In  the  normal 
cats,  digestion  had  progressed  until  the  mass  was  gelatinous,  and 
the  various  particles  thoroughly  coated  with  gastric  juice;  and 
the  walls  were  neither  much  distended  nor  hard.  The  next  point 
of  difference  between  the  operated  animals  and  the  controls  was 
in  the  thickness  of  the  stomach  wall.  In  the  operated  animals, 
this  varied  between  two  and  three  times  the  thickness  of  the 
normal  one;  and  when  the  contents  were  removed,  and  the 
stomach  collapsed,  bands  of  muscular  tissue  showed  plainly  in  its 
walls.  The  stomach  felt  tough  and  very  thick  and  nodulated 
between  the  fingers,  while  in  the  controls,  the  walls  were  softer 
and  more  delicate  and  the  fingers  could  appreciate  objects  through 
the  thickness  of  the  wall.  The  most  marked  change  in  gross 
appearance,  however,  was  seen  in  the  rugas.  As  seen  by  the 
]ihotographs,  cats  No.  i  and  No.  3  have  these  rugfe  standing  out 
prominently  in  all  directions — a  very  redundant  mucous  mem- 
brane, feeling  much  like  a  mass  of  worms,  while  in  the  control 
cat  Ni,  they  were  longitudinal  and  orderly  in  arrangement,  and 
easily  smoothed  out  under  slight  pressure.     As  will  be  seen  by 
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the  table,  the  colon  also  was  larger  and  of  greater  calibre  in  all 
the  cats  operated  upon  than  in  any  of  the  controls.  These  results 
agree  in  a  measure  with  those  of  Schiff  (9),  who  divided  the  vagi 


All  three  photographs  represent  the  everted  stomachs  of  animals.  No. 
I,  Ni,  No.  3.  From  the  table,  we  see  that  cat  No.  i  sufifered  ligation  of 
only  the  left  vagus,  cat  No.  3  of  both  vagi,  and  cat  Ni  was  the  control. 
The  stomach  was  cut  from  the  cardia  to  the  pylorus,  and  simply  everted 
and  photographed  (all  three  at  the  same  exposure).  The  great  redun- 
dancy of  the  mucous  membrane  in  the  operated  animals  is  at  once  evident; 
there  is  even  seen  the  e-xcess  of  the  rugae  in  cat  No.  3  over  cat  No.  i,  and 
the  disorderly  arrangement  of  the  rugae. 

below  the  diaphragm.  His  animals  thrived  and  fattened ;  from 
which  however  he  drew  the  erroneous  conclusions  that  no 
secretory  nerves  pass  via  the  vagi  to  the  stomach;  in  contradiction 
to  which  Pawlow  (10)  shows  conclusively  that  stomach  glands 
are  activated  by  impulses  from  the  vagi.  The  largely  undigested 
condition  of  the  stomach  contents  in  our  operated  animals  agrees 
with  Pawlow's  contention.  Cannon  (11)  also  states  that  in 
six  hours  a  normal  cat's  stomach  is  usually  empty  but  is  delayed 
by  division  of  vagi ;  which  view  agrees  with  our  findings  in  vagus 
ligation.  W.  von  Yzeren  (12)  states  that  after  vagotomy  the 
stomachs  are  hard  and  the  pressure  of  the  walls  slightly  in- 
creased— also  in  agreement  with  the  present  results.  But  none  of 
these  authors  makes  special  mention  of  any  increase  in  the  size 
or  thickness  of  the  various  coats  of  the  stomach,  especially  of  the 
increase  of  the  glandular  one.  It  is  our  belief  that  that  marks 
the  distinction  between  the  results  of  vagotomy  and  a  vagus 
pressure  neuritis,  such  as  is  produced  by  this  method. 
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Microscopically,  the  appearance  of  the  stomach  wall  was  dis- 
tinguished from  the  normal,  by  the  great  excess  of  submucous 
areolar  tissue,  by  the  great  bands  of  muscle  fibers,  both  longi- 
tudinal and  transverse,  and  by  a  marked  increase  of  the  con- 
volutions of  the  mucous  membrane  and  the  number  of  the 
stomach  glands.     To  properly  estimate  this  latter  increase,  the 


Cat  No. 

I                          3 

3 

4 

Ni 

N2 

N3 

Operation 

Left  vagus  tied  off 

Both  vagi  tied  oflf 

Days  killed  after 

operation 

III           ISI 

109           100 

■ 

1    

Stomach  wall 

thick,  large,  hard,  and  resistant  to 

soft,  thin,  pliable,  smooth 

pressure;  nodulated 

and  uniform 

Mucous  membrane 

redundant;  many 

still  more  redun- 

ruga? orderly  and  parallel; 

rugce  irregular; 

dant;    (photo- 

not redundant;  (photo- 

(photograph) 

graph) 

graph) 

Pressure  to  flatten 

rugiL- 

1,560 

1,480 

660  mm. 

723  mm. 

mm. 

mm. 

water 

water 

water 

water 

Colon,  length 

312  mm. 

317  mm. 

324  mm. 

195  mm. 

207  mm. 

Colon,  circumfer. 

60  mm. 

69  mm. 

08  mm. 

32  mm. 

41  mm. 

following  method  was  adopted — which  was  kindly  suggested  by 
Dr.  W.  G.  MacCallum.  Two  stomachs,  one  of  a  control  animal, 
were  distended  with  5  per  cent,  formalin  solution,  directly  after 
killing  the  animals,  at  a  pressure  sufficient  to  flatten  out  the 
rugse.  y\t  this  pressure,  which  was  recorded,  the  cardiac  and 
pyloric  ends  were  ligated  and  after  being  measured,  the  whole 
mass  placed  in  a  jar  of  5  per  cent,  formalin.  After  a  few  days, 
the  distention  becoming  permanent,  small  portions  of  various 
jiarts  of  both  stomachs  were  cut  out,  and  horizontal  sections 
through  the  glands  parallel  to  the  stomach  surface  were  made 
and  stained  with  hematoxylin.  These  transverse  sections  of  the 
gastric  glands  allowed  of  a  comparatively  easy  count  of  the 
number  of  glands.  Even  without  actual  count,  the  number  per 
field  in  the  operated  animal  could  easily  be  seen  as  increased 
over  that  in  the  control.  The  actual  increase  was  estimated  with 
the  result  as  given  in  the  table. 

The  pressures  necessary  to  flatten  out  the  rugns  were  in  the 
normal  cat,  N2,  (56o  mm.  water  and  in  operated  No.  2  animal, 
1,560  mm.  The  size  of  the  stomachs  when  thus  distended  was 
for  the  normal  animal,  N2 : 
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Greater  curvature 250  mm. 

Lesser  curvature 85  mm. 

Circumference 235  mm. 

In  the  operated  animal  No.  2, 

Greater  curvature 291  mm. 

Lesser  curvature 83  mm. 

Circumference 242  mm. 

In  the  control  animal  N2, 

Lenth  of  colon 207  mm. 

Circumference 41  mm. 

In  the  operated  animal  No.  2, 

Length  of  colon   317  mm. 

Circumference ' 69  mm. 

The  glands  in  the  transverse  sections  were  counted  in  six 
separate  fields  and  gave  the  following  results  (per  sq.  mm.)  : 

Control  N2.  Operated  Au.mal  No.  2. 

353  420 

299  466 
284  501 

300  393 
296  408 
302  440 

1,834  2,628 

giving  an  average  of: 

305  +  per  sq.  mm.  438  per  sq.  mm. 

The  approximate  estimates  of  the  superficial  areas  of  these 
stomachs  are  19,539  sq.  mm.  and  22,627  sq.  mm.  respectively. 
This  will  give  a  total  number  of  glands  on  the  stomachs  of  cat 
N2  of  5,978,934  and  of  cat  No.  2  of  9,910,626 — a  marked  in- 
crease. The  stroma  between  the  glands  was  much  diminished  in 
the  cat  No.  2  as  compared  with  the  control  animal,  and  the 
glands  therefore  placed  more  closely.  The  number  of  cells  in 
each  gland  of  both  controls  and  operated  animals  was  about  the 
same.  Other  changes  microscopically  observed  are  not  of  in- 
terest in  the  present  paper  and  so  will  not  be  recorded  here. 

In  the  colon  there  was  produced  both  an  increase  in  length 
and  in  calibre,  with  a  corresponding  increase  in  the  number  of 
follicles  of  Lieberkuehn.  In  this  connection,  we  see  a  cor- 
respondence  with   the   conditions   presented    in   Hirschsprung's 
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disease  (giant  colon)  for  which  many  causes  have  heretofore  been 
ascribed;  tluis  (i)  congenital,  (Hirschsprung, .Concetti,  Duval  et 
al.)  ;  (2)  congenital  dilatation  plus  mechanical  and  inflammator)' 
changes  and  hypertrophy  (Genersich)  ;  (3)  stoppage  and  decom- 
position of  intestinal  contents  (Marfan,  Griffith,  Frommer)  ; 
(4)  valves,  folds  and  crevices  causing  stagnation,  dilatation  and 
hypertrophy  (Perthes,  JNIarchand)  ;  (5)  volvulus  of  the  flexure 
(Frommer,  Barth)  ;  (6)  spasm  of  sphincter  ani  (Fenwick, 
Wilms,  Bertelsman). 

To  produce  the  dilatation  of  the  colon  without  producing  an 
eflect  upon  the  stomach,  it  is  possible  that  some  of  the  vagus 
filaments  below  the  stomach  are  compressed  without  a  cor- 
responding pressure  on  the  respective  sympathetic  fibers.  It 
seems  likely  therefore  that  in  the  pathogenesis  of  Hirschsprung's 
disease,  a  pressure  neuritis  on  the  terminal  vagi  fibers  may  be 
found  to  play  an  important  role. 

We  then  see  that  a  pressure,  long  continued,  upon  the  vagus 
below  the  esophageal  plexus,  will  produce  in  the  stomach  an 
actual  cell  increase  in  the  mucous  membrane  of  that  organ.  This 
increase  of  the  number  of  cells  is,  however,  not  coincident  with  an 
increase  in  their  functional  activity  as  we  have  seen,  but  in  a 
diminished  activity  or  perverted  function.  In  other  words,  the 
trophic  control  over  the  gastric  cells, — that  having  to  do  with 
their  growth  and  reproduction, — was  excessively  stimulated ;  the 
control  of  their  functional  activity  and  that  of  the  stomach  as  a 
whole, — the  production  of  the  gastric  juice,  the  expulsion  of  the 
contents  from  stomach  to  intestine — v^ras  greatly  in  abeyance. 

The  supposition,  therefore,  of  the  nerve  current  passing  in 
the  circuit  of  the  sympathetic, — tlie  solar  plexus  and  the 
splanchnics — in  increased  quantity  as  a  result  of  the  partial 
closure  of  the  vagus  path,  and  causing  increased  activity  in  those 
centers,  with  diminished  vagus  activity,  is  supported  bj'  the  results 
obtained  in  tliese  experiments.  (Do  these  results  perhaps  also 
explain  so-called  vagus  inhibition?) 

Can  we  deduce  possibly  other  far-reaching  efl^ects  from  our 
results?  Can  we  say  that  a  long-continued  pressure  upon  some 
one  mixed  nerve,  containing  both  sympathetic  and  central  fibers, 
if  acting  unequally  upon  these  fibers,  producing  greater  pressure 
effects  upon  the  cerebrospinal  ones  than  upon  the  sympathetic; — 
can  we  say  that  such  a  pressure  will  produce  on  the  cells  of 
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the  tissue  to  wliich  the  nerve  trunk  is  accredited  an  activity 
resuking  in  their  numerical  increase  producing  a  true  hyperplasia 
with  a  diminished  or  perverted  function?  If  so,  have  we  not 
in  such  a  pressure  one  of  the  factors  in  the  production  of 
neoplasms  ? 

In  conclusion,  I  beg  to  acknowledge  my  indebtedness  for 
many  valuable  suggestions,  and  for  actual  assistance  in  my  ex- 
periments, to  Dr.  W.  G.  MacCallum,  who  also  kindly  allowed  me 
the  use  of  the  Pathological  Laboratory  at  the  College  of  Physi- 
cians and  Surgeons,  and  to  whom  I  herewith  tender  my  thanks 
and  appreciation ;  also  to  Dr.  Pearce  Bailey,  of  the  Neurological 
Institute,  whose  stimulating  criticisms  aroused  the  necessary 
energy  to  prosecute  the  work ;  and  finally  to  Miss  Laura  Stryker, 
of  the  Pathological  Department  of  Columbia  University,  who 
kindly  undertook  to  prepare  the  microscopic  material  for  me. 
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THEEE    CASES    OF   ADAMS-STOKES    SYNDEOME    WITH 
HISTOLOGICAL  FINDINGS  * 

ADELE  OPPENHEIMER,  A.M.,  and  B.  S.  OPPENHEIMER,  M.D. 

XEW     YORK 

Although  it  is  established  that  a  complete  transverse  lesion  of  the 
stem  of  the  auriculoventricular  conducting  system  or  of  its  two  main 
branches  results  in  auriculoventricular  dissociation,  and  although  a  few 
years  ago  the  problem  of  heart-block  seemed  almost  settled  by  the  discov- 
ery of  lesions  in  the  conducting  system,  it  is  now  apparent  that  the  solu- 
tion of  tliis  problem  is  not  so  simple  as  it  appeared  at  that  time.  There 
are  cases  on  record  in  which  heart-block  was  proved  beyond  a  doubt,  b\it 
still  no  lesions  in  the  hearts  adequately  explaining  the  failure  of  the 
conduction  of  impulses  from  auricle  to  ventricle  were  to  be  found,  f 

The  three  cases  to  be  presented  show  three  very  different  histological 
conditions  in  the  conducting  system;  and  it  is  somewhat  unfortunate 
that  the  clinical  data  do  not  give  us  such  definite  information  of  the 
mechanism  of  the  heart  as  can  be  positively  correlated  with  these  post- 
mortem findings. 

Three  hearts  from  patients  with  a  clinical  history  suggesting  heart- 
block  were  kindly  entrusted  to  us  for  microscopic  examination;  two  by 
Dr.  MacCallum  and  one  by  Dr.  Bishop., 

Heart  1. — Case  Report. — The  case  report  has  been  given  by  Dr.  Bishop.'  The 
patient,  a  watchman,  aged  75,  was  admitted  to  Lincoln  Hospital,  Oct.  22,  1908. 
His  family  history  was  negative.  He  had  had  measles,  whooping-cough  and 
small-pox  when  a  child.  Later  in  life  he  had  had  muscular  rheumatism  and  a 
sunstroke.  He  had  drunk  whisky  moderately.  Syphilitic  history  was  denied. 
The  patient  was  described  as  having  a  slow  pulse,  vertiginous  and  syncopal  attacks 
and  rapid  venous  pulse.  The  radial  artery  was  not  thickened,  even  to  the  degree 
that  would  be  expected  in  a  patient  of  his  age.  A  polygraphia  tracing  was  pub- 
lished in  the  original  article. 


*  From  the  Pathological  Laboratory  of  Columbia  LTniversity,  at  the  College 
of  Physicians  and  Surgeons,  New  York  City;  read  in  abstract  before  the  New 
York  Pathological  Society,  Nov.  12,  1913. 

t  A.  F.  Stanley  Kent  has  described  in  detail  another  connection  between  the 
auricle  and  ventricle  beside  the  bundle  of  His,  situate  at  the  right  lateral 
border  of  the  human  heart.  (Proc.  Roy.  Soc,  London,  1914,  Series  B.,  Ixxxvii, 
No.  B594.  Biological  Sciences,  p.  198.) 

1.  Bishop:    Am.  Jour.  Med.  Sc,  1910,  cxxxix,  62. 


Macroscopic  Examination  of  the  Heart. — The  post-mortem  examination  of  the 
heart  was  made  by  Dr.  Larkin.-  "The  heart  showed  a  calcareous  nodule,  situ- 
ated precisely  in  the  path  of  the  bundle  of  His.  This  nodule  was  evidently  the 
cause  of  the  complete  heart-block  observed  during  life." 

The  heart  was  received  from  Dr.  Bishop  in  formaldehyd  solution  and  the 
measurements  of  the  preserved  heart  revealed  nothing  of  interest. 

The  edges  of  both  mitral  cusps  were  shrunken  and  deformed  and  one  could 
feel  a  hard  calcareous  deposit  all  along  the  attachment  of  the  posterior  cusp. 
The  aortic  cusp  of  the  mitral  valve  was  thickened  throughout  and  contained 
irregular,  rough,  hard  calcareous  deposits.  This  calcareous  mass  was  continuous 
with  that  described  above  in  the  upper  portion  of  the  interventricular  septum  and 
in  the  space  between  the  anterior  and  right  posterior  cusps  of  the  aortic  valve, 
that  is,  directly  in  the  normal  pathway  of  the  bundle  of  His.  The  cusps  of  the 
aortic  valve  were  markedly  thickened.  The  wall  of  the  aorta  itself  showed 
patches  of  atheroma.  The  coronary  arteries,  both  right  and  left,  presented  a  very 
marked  sclerosis  with  patches  of  atheroma. 

Microscopic  Examination. — Such  a  portion  of  the  heart  was  removed  for 
microscopic  examination  as  would  include  the  calcareous  mass  which  seemed 
macroscopically  to  be  situated  precisely  in  the  path  of  the  bundle  of  His;  namely, 
such  a  portion  of  the  septum  between  the  two  halves  of  the  heart  as  included 
the  node,  stem,  and  the  branching  of  the  auriculoventricular  system.  T'iie  upper 
margin  of  this  block  ran  along  the  upper  edges  of  the  aortic  leaflets,  and  the 
lower  margin  parallel  with  tliis  3  cm.  below  the  lowest  part  of  the  pars  mera- 
branacea  septi. 

This  piece  of  tissue  was  decalcified  with  nitric  acid,  embedded  in  paraffin,  cut 
from  above  down,  parallel  with  the  upper  margin,  in  sections  15  to  19  microns 
thick.  Altogether  2520  sections  were  cut  and  for  a  preliminary  study  every 
fortieth  mounted.  Finally  about  every  fourth  section  from  Section  1322  (where 
the  node  was  first  seen)  to  1018  (well  beyond  the  break  in  the  continuity  of  the 
auriculoventricular  system),  and  about  every  tenth  from  1618  to  2440,  was 
mounted.  All  the  sections  were  stained  with  Weigert's  iron  hematoxylin  and 
van  Gieson's  picric  acid  fuchsin  solution  except  Sections  1392,  which  was  stained 
with  hematoxylin  and  eosin,  and  1334,  which  was  stained  by  Roehl's  method  for 
calcium. 

The  auriculonodal  connections  are  attenuated  (especially  the  strand  to  the 
left)  but  are  uninterrupted.  A  very  few  round  cells  and  still  fewer  polymorpho- 
nuclear cells  are  found  at  this  junction  and  in  the  node  itself. 

The  node  lies,  as  usual,  to  the  right  of  the  central  fibrous  body,  but  is  peculiar 
in  that  it  is  largely  cut  off  from  the  auricular  musculature  by  fatty  tissue.  It 
consists  of  a  network  of  pale,  fine  muscle-fibers  with  crowded  nuclei.  The  nodal 
artery  shows  increase  of  connective  tissue  in  the  intima  and  media;  indeed  there 
is  sclerosis  of  the  vessels  throughout  the  whole  of  all  the  sections. 

The  node  and  stem  are  continuous.  The  stem  is  characterized  by  a  greater 
vascularity,  a  more  marked  cellular  infiltration  and  by  the  presence  of  more  con- 
nective tissue  than  the  node,  which  characters  are  so  marked  in  the  auricu- 
loventricular system  at  and  near  the  bifurcation  of  the  stem  as  undoubtedly  to 
be  beyond  normal  limits.  The  stem  progresses  normally  through  the  membranous 
septum  in  a  short  course  and  comes  to  lie  under  the  endocardium  of  the  left 
ventricle,  when  abruptly  at  its  forward  end  it  abuts  on  a  calcified  necrotic  sphere 
there  bifurcating  to  form  what  were  judged  to  be  stumps  of  the  right  and  left 
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branches.  The  calcified  sphere,  which  lies  directly  across  the  path  of  the  stem 
at  its  bifurcation,  stretches  from  the  endocardium  of  the  left  ventricle  almost  to 
that  of  the  right. 

This  calcified  sphere  forms  part  of  an  area  of  calcification  which  begins  just 
below  the  anterior  aortic  (coronary)  cusp  and  involves  the  stump  of  the  mitral 
valve,  the  connective  tissue  of  the  auriculoventricular  ring  and  the  undefended 
space,  and  the  surrounding  musculature,  namely,  that  of  the  left  auricle  and  of 
the  basal  part  of  the  interventricular  septum  and  of  the  auriculoventricular 
bundle.  The  area  consists  in  the  main  of  nodules  of  calcified  necrotic  material 
well  encapsulated  by  connective  tissue  sheaths.  In  and  immediately  about  some 
of  the  encapsulated  nodules  there  is  increased  vascularity  accompanied  by  pus 
cells  (mostly  round  cells  but  not  a  few  polymorphonuclears).  There  is  also  here 
and  tliere  the  typical  invasion  of  the  calcific  nodules  by  young  connective  tissue 
with  an  occasional  giant  cell. 

At  one  level,  one  of  these  calcific  nodules  appears  to  the  right  of  the  ventricu- 
lar end  of  the  stem  abutting  on  its  narrowest  part,  and  comes  to  lie  in  an  indenta- 
tion of  the  stem  giving  the  appearance  of  compressing  it.  This  occurs  not  far 
from  the  bifurcation,  namely,  at  the  forward  end  of  the  stem,  which  is  composed 
mostly  of  thin-walled  engorged  blood-vessels  and  connective  tissue  and  pro- 
portionately very  few  muscle-fibers.  The  undoubted  increase  in  connective-tissue 
elements  and  vascularization  which  characterizes  the  ventricular  portion  of  the 
stem  also  exists  in  the  stumps  of  the  right  and  left  branches. 

The  stumps  just  mentioned  are,  judging  by  their  position,  probably  the  true 
branches  and  not  the  result  of  a  mere  splitting  of  the  stem  owing  to  pathological 
conditions.  The  lesion  in  this  angle  is,  as  has  already  been  mentioned,  a  large 
calcific  necrotic  sphere  which  separates  the  stem  and  stumps  from  the  rest  of 
the  right  and  left  branches  proper  (Figure  1).  The  left  branch  proper  is  easily 
identified,  but  the  identification  of  the  continuation  of  tlie  right  branch  we 
cannot  assert  with  the  same  conviction. 

Even  on  a  naked-eye  study  of  the  sections  it  is  clear  that  as  one  goes  from  the 
aortic  valve  toward  the  apex  of  the  heart  the  calcific,  necrotic  focus  involves  a 
more  and  more  extensive  area  and  compromises  the  auriculoventricular  system 
more  and  more.  And  microscopic  study  reveals  that  in  Section  1462  there  is  no 
viable  muscle-fiber  in  the  stump  of  the  right  branch  and  that  in  Section  14S0 
there  is  not  even  an  indication  of  the  stump  of  the  right  branch,''  that  in  Section 
1502  there  are  no  muscle-fibers  in  the  stump  of  the  left  branch,  and  that  there  is  in 
the  region  of  Section  154-t  from  above  down  a  hiatus  of  about  1  mm.  (1.026  mm.) 
in  the  stem  where  there  is  no  viable  musculature.  At  this  level  the  stem  region 
consists  of  vascularized  connective  tissue  with  much  cellular  infiltration  (mostly 
round  cells,  an  occasional  polj-nuclear,  and  a  few  cells  larger  than  round  cells 
characterized  bj-  more  cytoplasm  and  a  less  compact  nucleus). 

To  summarize,  there  are  for  a  short  distance  (examining  from  above  down) 
no  muscle-fibers  in  the  stem.  Above  this  hiatus  a  large  calcific  necrotic  sphere 
intervenes  between  the  stem  at  its  bifurcation  on   the  one  hand  and  the  right 


3.  In  spite  of  the  absolute  break  in  the  continuity  of  the  right  branch,  impulses 
may  yet  have  passed  from  the  stump  of  the  right  limb  through  the  ordinary 
ventricular  musculature  to  the  ventricular  chamber,  for  it  is  not  unlikely,  judg- 
ing by  tlie  anatomical  findings  in  the  hearts  which  Ave  have  studied  and  by  physio- 
logical considerations,  that  the  auriculoventricular  system  is  not  completely  iso- 
lated between  its  two  ends,  namely,  all  along  the  line  from  the  auriculonodal 
connection  to  the  Purkinje  fiber-ventricular  junction. 
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rrojectiou  drawing  of  Sections  1438  and  1442,  Case  1. — Showing  an  old 
calcareous  focus,  surrounded  by  connective  tissue,  wliich  causes  complete  inter- 
ruption of  tlie  bundle  of  His.  At  tlie  bifurcation  of  the  stem  a  calcific  nodule 
(larger  in  the  following  sections)  seems  to  press  in  upon  it.  This  indented  region 
of  the  body  of  the  stem  and  the  stumps  of  its  two  limbs  present  manifestly  more 
thin-walled  blood  vessels  and  more  connective  tissue  than  is  normal.  At  a  lower 
level  the  necrosis  encroaches  on  the  stem  to  such  an  extent  that  it  is  entirely 
lacking  in  muscle-fibers  for  about  1  mm.  from  above  down.  Fibrous  tissue  is  dark; 
necrotic  material  is  dotted;  A-V  system  is  honeycombed;  AS,  auricular  septum; 
L,  region  where  isolated  left  branch  of  A-V  system  appears  in  sections  lower 
down;  M,  mitral  valve;  R,  isolated  right  branch;  T,  tricuspid  valve;  V-S,  ven- 
tricular septum. 


and  left  branches  on  the  other,  and  it  is  only  below  this  hiatus  that  one  branch 
(namely,  the  left)  is  continuous  with  the  body  of  the  stem.  In  brief,  the  right 
and  left  branches  are  cut  off  from  the  aurieulonodal  junction  because  necrotic 
tissue  is  situated  in  the  path  of  the  auriculuventricular  bundle. 

The  two  branches,  cut  off  as  they  are  from  the  node,  present  no  abnormalities 
in  their  structure. 

It  should  be  borne  in  mind  that  the  identification  of  the  "main"  part  of  the 
right  branch  as  it  descends  downward  is  not  absolute,  since  it  is  nowhere  con- 
tinuous with  the  stem,  and  was  judged  by  its  location,  the  lack  of  density  of 
its  muscle-fibers  and  its  isolation.  Farther  up,  the  muscle-fibers  of  the  right 
limb  are  slightly  finer  than  those  of  the  surrounding  musculature,  farther  down, 
slightly  coarser  with  occasionally  a  clear  central  space.  At  one  level  a  small 
group  of  muscle-fibers  which  lies  between  the  right  branch  and  the  epicardium 
presents  great  resemblances  to  the  right  branch,  some  of  its  muscle-fibers  have 
even  a  clear  central  space  so  that  this  segment  of  musculature  is  indistinguish- 
able from  the  right  branch  as  to  its  structure.  Now  and  again  the  right  limb 
presents  more  connective  tissue  than  is  found  in  the  neighboring  myocardium. 

The  left  branch  is  characterized  by  somewhat  more  connective  tissue  and  is 
on  the  whole  somewhat  paler  staining  than  the  surrounding  musculature,  with 
its  individual  muscle-fibers  slightly  coarser  and  not  so  densely  constructed,  though 
only  rarelj-  presenting  a  clear  central  space. 

The  vessels  of  both  the  specialized  and  typical  musculature  present  sclerosis 
of  the  intimal  and  mesial  coats.  The  muscles  about  the  vessels  (especially  per- 
haps those  of  the  outer  coat  of  longitudinal  fibers)'  are  finer  and  paler  than  the 
cross-striated  typical  cardiac  muscle-fibers  and  resemble  those  of  the  nodal  muscu- 
lature of  the  heart.  The  capillaries  are  everywhere  engorged  and  in  places  small 
extravasations  have  occurred  into  the  tissues,  possibly  signifying  nothing  more 
than  ante-mortem  or  post-mortem  stasis. 

There  is  a  good  deal  of  connective  tissue  in  the  interventricular  septum  but 
no  evidence  of  recent  inflammation.  Besides  the  calcified  area  in  the  upper  part 
of  the  interventricular  septum  ( in  the  angle  of  bifurcation  of  the  auriculo- 
ventricular  system  and  crowding  in  on  the  stem)  there  are  isolated  areas  with 
lime  deposit  in  a  region  of  much  connective  tissue  between  the  right  and  left 
sides  of  the  interventricular  septum  and  in  "some  connective  tissue  of  the  right 
ventricular  musculature. 

The  smooth  muscle  of  the  left  endocardium  shows  more  connective  tissue  than 
normally.  As  usual,  its  muscle-fibers,  like  those  about  the  vessels,  resemble  the 
muscle-fibers  of  the  nodes  of  the  heart. 

The  endocardium  is  normal,  except  that  part  of  the  left  endocardium  which 
covers  the  degenerated  area  where  the  cellular  infiltration  extends  into  it  and 
dense  connective  tissue  replaces  the  usual  loose  subendothelial  tissue  to  quite 
an  extent. 

The  epicardium  of  the  posterior  surface  (the  only  epicardium  on  the  sections) 
presents  a  thick,  compact  connective-tissue  layer  under  a  not  inconsiderable  part 
of  the  epithelium.  In  this  layer  there  is  (below  the  level  of  the  node  and  stem) 
both  a  scattered  and  a  dense  cellular  infiltration;  that  is.  round  cells,  a  few  cells 
with  larger  cell  body  and  larger  vesicular  nucleus,  and  an  occasional  polynuclear 


4.  This  may  be  due  to  the  direction  in  which  they  are  cut.  It  should  be 
noted  that  in  this  (as  well  as  in  other  hearts)  some  of  the  ordinary  cardiac 
musculature  seems  paler  or  more  vacuolated  than  the  rest  owing  to  the  direction 
in  whicB  the  muscle-fibers  are  cut. 


are  found  scattered  and  in  masses.  A  most  imposing  focus  of  dense  cellular 
infiltration  is  seen  in  the  subepicardial  fatty  tissue  immediately  under  the  com- 
pact connective  tissue  layer  in  the  lowest  sections. 

SUMMARY 

ThoTigh  the  aurieulonodal  junction  is'  not  very  powerful,  it  is  not, 
apparently,  inadequate,  but  there  is  an  actual  interruption  of  the  con- 
tinuity of  the  auriculoventricular  structure  along  its  course  to  account 
for  the  symptoms  in  this  case;  both  branches  of  the  conducting  appa- 
ratus are  cut  off  from  the  main  stem  of  the  auriculoventricular  system 
and  from  each  other.  There  is  undoubtedly  more  connective  tissue  in 
the  stem  and  more  vascularity  (with  its  attendant  cellular  infiltration) 
than  is  normal;  and  the  upper  ends  of  both  limbs  almost  wholly  and 
the  body  of  the  stem  for  about  1  mm.  of  its  length  have  been  demol- 
ished by  a  chronic,  necrosing,  calcifying  process.  In  addition,  there  is 
an  inconspicuous  cellular  infiltration  at  the  node,  as  well  as  a  more 
marked  one  of  the  stem  and  an  imposing  accumulation  of  round  cells  in 
the  subepicardium;  there  is  sclerosis  throughout  the  coronaries  and 
their  intermuscular  branches,  and  an  increased  amount  of  connective 
tissue  in  the  ordinary  ventricular  musculature  and  some  little  calcific 
necrotic  tissue. 

HEAET    2 

Heart  2. — Case  Report. — The  heart  was  forwarded  to  Dr.  L.  F.  Barker  of 
•Johns  Hopkins  Hospital  by  Dr.  D.  A.  Campbell,  professor  of  medicine,  Halifax, 
Xova  Scotia,  together  with  the  following  notes:  "I  first  saw  J.  C,  a  retired 
mariner,  in  the  summer  of  1905,  shortlj-  after  he  was  admitted  to  an  institution 
for  the  care  of  the  aged.  He  was  then  in  his  ninety-fifth  year.  His  bodily  liealth 
was  excellent.  He  was  quite  corpulent,  but  unusuallj-  active.  He  was  generally 
cheery  and  bright  in  disposition.  His  mental  faculties  were  well  preserved. 
Physical  examinations  disclosed  the  existence  of  some  enlargement  of  the  heart, 
and  the  presence  of  a  very  loud,  harsh,  aortic  systolic  murmur.  The  pulse  rate 
was  60  and  quite  regular.  During  the  following  winter  he  had  a  sharp  attack  of 
intluenza,  from  which  he  recovered  completely.  During  the  summer  of  1906  he 
was  ill  the  greater  part  of  the  time,  but  never  whollj*  confined  to  bed.  The  most 
pronounced  symptoms  were :  mental  depression,  cyanosis,  bradycardia  ( the  pulse- 
rate  varying  from  10  to  40  without  any  irregularity),  slight  seizures  resembling 
petit  mal  occurring  very  frequently  some  days,  and  Cheyne-Stokes  breathing 
especially  at  night.  On  account  of  the  patient's  being  so  fat,  no  superficial  veins 
could  be  noticed  in  the  neck.  Various  remedies  were  tried  to  afford  relief  with- 
out much  success.  Finally  belladonna  was  given  in  moderate  doses  and  improve- 
ment followed.  That  belladonna  favorably  infiuenced  the  conditions  was  evident 
from  the  fact  that  when  the  remedy  was  discontinued  for  ten  days  or  so  most 
of  the  symptoms  returned. 

"He  continued  to  keep  fairly  well  for  a  period  of  ten  months,  using  the  bella- 
donna the  greater  part  of  the  time. 


■'Earl}'  in  August,  1907,  the  symptoms  returned  and  frradually  increased  in 
severity,  causing  his  death  a  month  later.  The  bradycardia  was  not  so  marked 
as  before,  30  being  the  lowest  pulse-rate  noted,  and  the  epileptiform  seizures 
were  infrequent.  The  more  prominent  terminal  symptoms  were:  marked  cyanosis, 
Cheyne-Stokes  breathing  and  total  disappearance  of  the  radial  pulse  and  cardiac 
impulse  for  periods  varying  from  thirtj-  to  sixty  seconds  in  duration.  Tliis  very 
unusual  modification  of  the  pulse  was  noted  for  five  days  before  death,  and  seemed 
to  be  closely  connected  with  Cheyne-Stokes  respiration.  Tlie  pulse  usually,  but 
not  always,  disappeared  during  the  period  of  dyspnea,  returning  during  the  period 
of  apnea.  Xo  sound  wliatever  could  be  heard  over  the  cardiac  area  when  the 
radial  pulsations  were  absent." 

.l/ocroscopi'c  Examination  of  the  Heart. — The  heart  was  received  from  Dr. 
ilacCallum  in  formaldehyd  solution.  Grossly  the  fixed  heart  presented  no 
abnormality  in  the  region  of  the  conducting  system  which  would  account  for 
heart-block. 

Microscopic  Examination  of  the  Heart. — For  microscopic  examination  the  fol- 
lowing blocks  of  tissue  were  excised: 

1.  The  region  of  the  sinu-auricular  node.  This  block  consisted  of  the  auricular 
wall  on  either  side  of  the  sulcus  terminalis  of  His  extending  posteriad  as  far 
as  the  interauricular  septum  and  including  a  part  of  the  superior  and  inferior 
venae  cavae,  and  extending  anteriad  so  as  to  include  some  of  the  pectinate  muscu- 
lature (a.  strip  of  about  0.5  cm.).  Moreover,  this  block  extended  along  both  sides 
of  the  crest  of  the  right  auricle,  thus  including  not  only  the  part  already  described 
on  the  lateral  aspect  of  the  auricle  on  either  side  of  the  sulcus,  but  also  the 
juricular  wall  on  the  median  aspect  facing  the  aorta.  On  the  lateral  aspect  the 
area  reached  almost  to  the  auriculoventricular  groove;  on  the  median  face  it 
extended  from  the  crest  down  for  about  1  cm.  toward  the  insertion  of  the  aorta  , 
and  was  a  continuation,  as  regards  its  width,  of  the  lateral  portion. 

2.  The  auriculoventricular  septum,  containing  the  auriculoventricular  node, 
the  main  stem,  and  the  beginning  of  the  branches.  The  sections  were  cut  hori- 
zontally, approximately  parallel  to  the  "stem. 

3.  A  portion  of  the  upper  ventricular  septum  (left  side)  containing  a  part  of 
the  left  branch  of  the  bundle  of  His. 

The  first  two  pieces  were  embedded  in  celloidin-paraflin  and  cut  in  sections 
15  microns  thick.  Every  fifth  section  was  mounted  and  stained  with  Weigert's 
iron-hcmato.xylin  and  van  Gieson's  picric  acid  fuchsin  solution.  A  few  sections 
were  stained  with  orcein.  The  third  piece  was  frozen,  cut,  and  one  section  stained 
with  Scharlach  R,  one  section  stained  with  iron-hematoxylin  and  van  Gieson's 
solution,  and  finally  one  with  orcein. 

)<inu-Auricuiar  Xoile  Region. — Tlie  sinu-auricular  node  is  sclerotic.  There  are 
small  compact  masses  of  connective  tissue  between  the  muscle-fibers;  there  is 
more  connective  tissue  at  the  cephalic  than  at  the  caudal  end  of  the  node,  where 
the  muscle-fiT)ers  are  separated  by  looser  connective  tissue  instead  of  by  "wads." 
Even  allowing  for  individual  variation  within  normal  limits,  the  increase  of  con- 
nective tissue  in  this  case  is  so  marked  throughout  the  entire  extent  of  the  node 
that  it  may  be  safely  stated  to  be  abnormal.  No  such  fibrosis  is  present  in  the 
musculature  immediately  about  the  node  or  in  the  other  jiortions  of  the  right 
auricle  examined.  In  the  main  the  nodal  fibers  themselves  may  be  described  as 
lacking  in  cross  striations.  There  is,  however,  the  typical  gradual  transition 
from  nodal  into  ordinary  auricular  musculature.  The  nodal  artery,  present  in 
this  heart,  shows  sclerosis  of  the  media  and  a  slight  endarteritis.     Some  of  the 
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smaller  branches  too  show  tliese  changes  as  do  also  the  artery  on  its  way  to  the 
node  and  some  of  the  vessels  among  the  ordinary  cardiac  musculature;  occasion- 
ally a  vessel  presents  obliterating  arteritis.  Some  of  the  sections  of  the  arteries 
have  an  outer  layer  of  longitudinal  smooth  muscle-fibers  arranged  in  small 
bundles.^  Some  of  tlie  nuclei  of  the  auricular  musculature  are  large  and  present 
uneven  distribution  of  the  chromatin  and  sometimes  an  irregular  margin." 

Here  and  there  in  the  pectinate  and  other  ordinary  cardiac  musculature  as 
well  as  in  the  specialized  musculature  of  the  Keith-Flack  node,  a  very  few  cells 
which  resemble  lymphocytes  are  seen.  They  are  slightly  larger,  have  more  cyto- 
plasm, and  their  nuclei  are  more  vesicular,  less  compact  than  those  of  lympho- 
cytes. At  one  place  in  the  nodal  fat  there  is  a  small  group  of  these  cells.  Larger 
collections  of  them  appear  in  the  epicardium  and  subepicardium;  the  largest 
at  the  level  of  the  pace-making  apparatus.  Sometimes  they  are  found  about 
the  subepicardial  nervous  elements  in  the  neighborhood  of  the  node.  Now  and 
again  a  nerve  passes  from  the  subepicardium  into  the  sinu-auricular  system. 
Once  a  ganglion  cell  was  noticed  alongside  a  capillary  in  the  very  center  of  the 
nodal  tissue. 

In  general  the  effects  of  the  pathological  changes  in  the  node  of  Keith  and 
Flack  are  not  yet  established,  and  we  do  not  venture  on  judging  the  significance 
of  the  sclerosis  of  this  structure  in  this  case. 

Region  of  the  Auriculoventricular  System. — The  connections  between  the 
auricular  musculature  and  the  node  of  Tawara  are  scanty.  The  node  in  the  sec- 
tions is  an  irregular  semicircle,  the  diameter  of  which  lies  along  the  central 
fibrous  body,  and  the  circumference  of  which  is  almost  entirely  surrounded  by 
fat  tissue,  thus  practically  separating  the  nodal  from  the  auricular  musculature. 
There  is  an  abnormal  amount  of  fat  tissue  in  the  region  of  the  interauricular 
septum.     The  node  contains  very  little  connective  tissue. 

Cross-sections  of  the  artery  in  the  specialized  musculature  present  sclerosis 
of  the  intima  and  the  media.  Some  of  the  very  small  vessels  have  a  marked 
diminution  of  their  lumina;  but  it  is  impossible  to  say  which  of  the  two  inner 
coats  is  involved.  There  is  intimal  and  mesial  sclerosis  of  the  arteries  in  the 
interauricular  and  interventricular  septa,  and  of  the  coronary  artery  (with 
atheroma).  There  is  calcific  deposit  in  the  wall  of  the  aorta  not  only  near  the 
opening  of  the  right  coronary  but  even  nearer  to  the  auriculoventricular  system 
than  that.' 

As  was  to  be  expected  in  sections  of  a  heart  from  a  patient  advanced  in  years, 
lipochrome  granules  are  seen  in  the  muscles  of  the  auricle,  ventricle,  and  auric- 
uloventricular system.  Some  of  the  nuclei  of  both  the  auricular  and  the  ventric- 
ular muscles  were  of  the  ■"swollen"  type  already  described.  The  smooth  muscle  of 
the  left  endocardium  presents  increase  of  connective  tissue  as  docs  the  ordinary 
interventricular  musculature  especially  on  the  left  side. 


5.  Such  bundles  of  longitudinal  smooth  muscle-fibers  are  normally  found  in 
all  hearts. 

6.  The  nuclei  of  the  swollen  type  mentioned  above  were  described  by  Dr.  A.  E. 
Cohn  in  Heart,  1912,  iv,  24. 

7.  In  another  heart  (from  a  patient  without  data  as  to  heart-block)  though 
calcareous  nodules  were  found  grossly  in  the  neighborhood  of  the  bundle  of  His, 
microscopically  these  did  not  interfere  with  the  continuity  of  the  auriculo- 
ventricular system.  This  heart  was  kindly  given  us  for  examination  by  Dr.  W. 
G.  MacCallum. 


Though  the  stem  is  long  and  slender,  there  is  nowhere  a  break  in  the  con- 
tinuity of  the  auriculoventricular  system. 

Upper  Tentricular  Septum. — The  piece  from  the  upper  part  of  the  septum  on 
the  left  side  of  the  heart  presents  an  increased  amount  of  connective  tissue  in 
the  ordinary  cardiac  musculature  but  no  evidence  of  recent  inflammation.  There 
is  also  a  slight  increase  in  the  connective  tissue  surrounding  some  of  the  vessels; 
all  three  vessel  coats  are  sclerotic.  There  is  no  fatty  infiltration  of  any  of  the 
musculature.     The  endocardium  appears  to  be  normal. 

SUMMARY 

While  it  cannot  be  affirmecl  that  the  slightness  of  the  auriculonodal 
junction  is  the  causative  factor  in  this  case  of  Adams-Stokes  disease, 
yet  it  is  of  importance  in  the  light  of  the  fact  that  Armstrong  and 
Monckeberg^  reported  an  exquisite  case  of  lymphangio-endothelioma  of 
the  auricnloventricular  node  in  which  it  was  judged  that  the  break 
between  auricular  and  nodal  musculature  was  the  cause  of  the  heart- 
block. 

The  condition  of  the  blood-vessels  in  the  aged  patient  may  have  been 
an  accessory  factor. 

V\'e  should  expect  to  find  some  cellular  infiltration  in  arteriosclerotic 
hearts,  and  we  do  not  know  that  there  is  any  relation  between  the 
increase  of  cells  in  the  interstitial  tissue  of  the  sinu-auricular  node  and 
of  some  of  the  ordinary  auricular  musculature  and  the  clinical  symptoms 
in  this  case. 

It  should  be  recalled  that  the  interventricular  septum,  especially  on 
the  left  side  of  the  heart,  presents  an  increased  amount  of  connective 
tissue,  and  that  some  of  the  nuclei  were  of  the  "swollen"  type  with  scat- 
tered chromatin  and  sometimes  with  irregular  margin. 

In  brief,  the  most  obvious  explanation  of  the  symptoms  in  this  case 
is  the  auriculonodal  break. 

HEART    3 

Heart  3. — Clinical  Histori/. — The  heart  was  received  from  Dr.  W.  G.  MacCal- 
lum.  who  performed  the  autopsy  and  gave  us  the  clinical  notes  furnished  him  by 
Dr.  M.  G.  Porter. 

The  patient  was  a  white  man  aged  50.  There  was  no  history  of  syphilis;  he 
had  not  used  alcohol  to  excess.  He  had  always  been  strong  and  healthy  until 
eighteen  months  before  exitus.  when  he  had  suffered  from  several  attacks  of  syn- 
cope within  a  few  days.  Six  months  before  his  death  he  had  a  similar  seizure 
and  since  that  time  he  had  frequently  complained  of  giddiness  on  rising  and  of 
shortness  of  breath.  Three  days  before  his  death  he  was  seized,  after  violent  exer- 
tion, with  severe  pain  in  his  precordium,  radiating  down  both  arms.  Subse- 
quently he  had  repeated  attacks  of  syncope  and  several  epileptiform  convulsions 
with  attacks  of  bradycardia  between  which  the  pulse  rhythm  would  be  normal. 


8.  Armstrong  and  Miinckeberg:     Arch.   f.   klin.  Med.,   1911,  cii,   144. 
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The  pulse-rate  ranged  between  110  and  25  beats  per  minute.  He  died  in  one  of 
liis  seizures.  The  urine  was  acid,  specitic  gravity  I.OIS,  trace  of  albumin,  no 
sugar.  On  the  day  previous  to  his  death  a  distinct  pericardial  friction  rub  was 
lieard  over  the  body  of  the  heart.  Tliis  was  again  heard  about  an  hour  later 
("pericarditis  epistenooardia")." 

Autopsy. — The  autopsy  revealed  the  cause  of  death  to  be  rupture  of  the  wall 
of  the  heart  and  consequent  hemopericardium.  "The  pericardium  was  found  to 
be  filled  with  blood  which  was  partly  clotted:  in  places  the  clot  was  fully  1  cm. 
thick.  There  was  a  ragged  hole  in  the  anterior  wall  of  the  left  ventricle  about 
1  cm.  to  the  left  of  the  vein  that  corresponds  to  the  interventricular  septum. 
Some  blood-clot  was  adherent  to  and  extended  into  this  ragged  opening.  The 
interventricular  septum  throughout  its  entire  extent  was  opaque,  of  a  grayish 
ochre  color  and  was  evidently  necrotic.  This  appearance  extended  to  within  1  cm. 
of  the  pulmonary  orifice  where  it  was  sharply  marked  off  from  the  adjacent  nor- 
mal heart  wall.  The  wall  of  the  left  ventricle  was  greatly  hypertrophied,  but 
its  tissue  was  not  abnormal. 

"The  trabeculae  were  opaque  and  frequently  broken  through.  In  the  angle 
between  the  wall  of  the  ventricle  and  the  septum  was  a  hole,  through  which  a 
probe  was  passed  until  it  extended  through  the  opening  on  the  anterior  surface 
of  the  heart.  Both  coronaries  were  markedly  sclerotic.  The  anterior  descending 
branch  of  the  left  coronary  artery  was  completely  occluded  by  a  thrombus  3.5 
cm.  from  its  orifice.  The  sequence  of  events  has  evidently  been:  coronary  sclerosis, 
thrombosis  of  the  left  descending  branch,  infarction  of  the  interventricular  sep- 
tum, rupture  of  the  heart  wall,  hemopericardium.'"" 

Grossly,  then,  the  heart  presented  an  infarction  of  the  interventricular  septum 
including  the  neighborhood  of  the  main  stem  of  the  bundle  of  His  and  its  branches. 

Microscopic  Examination  of  the  Heart. — The  heart  was  received  from  Dr. 
JIaeCallum  in  formaldehjd  solution.  For  microscopic  examination  tlie  following 
blocks  of  tissue  were  excised : 

1.  The  region  of  the  sinu-auricular  node  as  described  under  Heart  2. 

2.  The  auriculoventricular  septum  containing  the  auriculoventricular  node, 
the  main  stem  and  the  beginning  of  the  branches. 

3.  The  ventricular  septum  adjacent  to  Block  2  (just  below  it)  with  the  pos- 
terior papillary  muscle  of  the  left  side  and  the  underlying  ventricular  wall  and 
a  piece  of  the  apex. 

4.  A  portion  of  the  upper  ventricular  septum  (left  side)  containing  a  part 
of  the  left  branch  of  the  bundle  of  His. 

5.  The  anterior  papillary  muscle  of  the  right  ventricle  with  chordae  tendineae. 

6.  The  base  of  the  anterior  papillarj-  muscle  of  the  left  ventricle  and  the 
underlying  ventricular  wall. 

7.  A  portion  of  the  wall  of  the  left  auricle. 

Blocks  1,  2  and  4  were  embedded,  cut,  mounted  and  stained  like  the  corre- 
sponding pieces  in  Heart  2;  piece  3  like  blocks  1  and  2  above  except  that  only 
every  fortieth  section  was  stained.  The  remaining  blocks  of  tissue  (5,  6  and  7) 
were  embedded  in  celloidin-paraffin,  cut  15  microns  thick  and  two  sections  of 
each  stained. 


9.  Sternberg:  Compt.  rend.  XVI  Cong,  internat.  m6d.,  Budapest,  1900,  Sec- 
tion VI,  M«d.  Interne,  p.  396;  Verhandl.  d.  XXIX  Deutsch.  Cong.  f.  inn.  Med., 
1012.  p.  444. 

10.  Ma'cCallum:    Johns  Hopkins  Hosp.  Bull.,  February,  1008,  No.  203,  xix,  50. 
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Left  Auricle  (Block  7). — To  begin  with  tlie  least  important  block  of  tissue: 
The  epicardium  and  adjoining  fat  and  muscle  of  the  wall  of  the  left  auricle  pre- 
sent cellular  infiltration  (only  an  occasional  polymorphonuclear  leukocyte  here). 
The  infiltration  is  most  marked  in  the  epicardium  and  subepicardium:  one  small 
focus  was  seen  in  the  endocardium.  There  is  sclerosis  of  the  media  and  intima 
of  the  vessels. 

Region  of  the  Sinu-iuriculnr  yode  (Block  1). — Unlike  the  portions  from  the 
interventricular  septum,  the  block  of  tissue  in  the  region  of  the  sinu-auricular 
node  presents  a  comparatively  slight  cellular  infiltration.  The  round  cells  (only 
a  few  polynuclears  are  to  be  seen)  are  present  in  the  epicardium  and  sub- 
epicardium, to  a  less  extent  in  the  nodal  tissue,  and  to  still  less  an  extent  in  the 
ordinary  myocardium.  There  is  practically  no  invasion  of  the  endocardium.  The 
area  near  the  inferior  vena  cava  is  somewhat  more  involved  than  the  rest  of  the 
ordinary  cardiac  musculature.  The  most  marked  infiltration  in  this  block  is  found 
in  two  regions,  namely:  (1)  in  the  epicardium  at  the  level  of  the  node  and 
(2)  about  the  subepicardial  nervous  elements  and  the  musculature  on  the  median 
face  of  the  crest  near  the  interauricular  septum  (i,  e„  the  region  of  the  synapse 
of  the  vagus  as  described  by  ilarehand  and  Meyer").  There  is  a  negligible 
increase  iu  the  amount  of  connective  tissue  in  tlie  head  of  the  paeemaking  appa- 
ratus. The  nodal  muscle-fibers  are  much  coarser  than  those  of  Heart  2  and  show 
cross-striations  clearly.  There  is  the  usual  gradual  transition  into  ordinary 
cardiac  musculature.  There  are  a  few  pus  cells  in  the  media  of  the  nodal  artery. 
The  vessels,  both  of  the  specialized  and  typical  musculature,  present  sclerosis  of 
the  two  inner  coats.  As  usual,  some  of  the  sections  of  the  arteries  present  an 
outer  layer  consisting  of  bundles  of  longitudinal  non-striated  muscles.  Some  of 
the  nuclei  of  the  musculature  of  this  piece  of  tissue  are  of  the  swollen  type.  At 
one  point  the  node  encloses  ordinary  musculature.  Here  and  there  a  nerve-fiber 
from  the  subepicardium  is  seen  to  enter  the  nodal  structure;  and  in  its  very  center 
a  ganglion  cell  was  observed. 

It  does  not  seem  possible  that  the  very  slight  cellular  infiltration  of  the  pace- 
making  system  in  this  case  could  account  for  any  decided  influence  on  the  func- 
tions of  the  heart. 

Region  of  the  Upper  Auriculoventricuhir  System  (Block  2). — A  very  few 
infiltrating  cells  —  for  the  most  part  lymplfocytic,  rarely  polymorphonuclear  — 
are  seen  in  the  conducting  system.  The  right  branch,  and  the  stem  (at  the  level 
of  its  division  into  two  branches)  and  the  central  fibrous  body  near  by  present 
more  pus  cells  than  the  node,  the  upper  stem,  and  the  left  branch.  Close  at  hand, 
at  the  basal  end  of  the  ventricular  septum  is  an  infected  infarct  with  pus  cells 
in  the  capillaries  and  adjoining  tissues.  There  are  pus  cells  elsewhere  (every- 
where round  cells  exceed  the  polynuclears  in  numbers),  namely  in  the  epicardium, 
subepicardial  fat.  auricular  musculature,  endocardium,  tricuspid  and  mitral  and 
aortic  valves.  But  the  most  pronounced  lesion  in  this  block  is  situated  in  the 
typical  ventricular  musculature  near  the  junctional  tissue.  Here  the  musculature 
has  taken  an  luiusual  brown  tint  and  many  of  the  muscle  nuclei  seem  to  have  dis- 
appeared. Indeed,  some  of  the  muscle-fibers  themselves  have  apparently  dis- 
appeared in  their  entirety  and  have  been  replaced  by  connective  tissue.  The 
remaining  muscle-fibers  are  separated  by  columns  and  masses  of  pus  cells  and  are 
siirunken.  The  central  fibrous  body  is  a  little  larger  than  normal.  Practically 
all  the  vessels  present  intimal  and  medial  sclerosis;  such  are  the  nodal  artery, 
the  aorta,  the  coronary  artery,  and,  in  brief,  other  vessels  in   the   auricular  and 


11.  Marchand  and  Meyer:   Arch.  f.  d.  ges.  Physiol.,  ( Pflueger's ) ,  1012,  cxlv,  401. 
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ventricular  septa.  Some  of  the  nuclei  of  this  block  of  tissue  are  of  the  swollen 
type.     The  smooth  muscle  of  the  left  endocardium  is  normal. 

Region  of  the  Lower  Auriculoventricular  System  and  of  the  Terminal  Arhoriza- 
tions  (Blocks  3,  4.  5,  6). — Upper  Ventricular  Septum:  In  Block  4,  that  is,  the 
piece  from  the  upper  part  of  the  septum  on  the  left  side  of  the  heart,  there  is 
histological  evidence  of  the  infarction  just  as  there  is  in  the  other  blocks  from  the 
interventricular  septum.  There  is  a  round-celled  and  polymorphonuclear  infiltra- 
tion of  the  endocardium,  subendocardium.  the  region  of  the  left  branch  and  espe- 
cially of  the  ordinary  ventricular  musculature  where  many  of  the  muscle-fibers  are 
separated  from  one  another  by  pus  cells,  are  shrunken,  and,  though  still  show- 
ing cross-striations,  are  lacking  in  nuclei.  Some  of  the  muscle-fibers  have  indeed 
apparently  quite  disappeared.  There  is  fat  in  both  the  region  of  the  specialized 
and  ordinary  cardiac  muscles. 

Region  of  the  Terminal  Arborizations. — In  Block  3.  namely,  the  ventricular 
feptum  immediately  below  Block  2,  no  attempt  was  made  to  find  and  trace  the 
right  branch  of  the  auriculoventricular  system.  The  uppermost  part  of  the  pos- 
terior limb  of  the  left  branch  was  identified  macroscopically  as  if  for  dissection 
and  marked  with  India  ink'"  and  so  found  in  the  sections  under  the  microscope: 
but  as  we  did  not  follow  the  left  branch  continuously  in  serial  sections  from  the 
stem  on,  we  cannot  assert  that  we  have  identified  it.  In  this  piece  three,  there 
is  in  the  ordinary  ventricular  musculature,  including  that  of  the  apex,  a  con- 
tinuation of  the  same  lesion  (an  infected  infarct)  as  described  for  the  other 
pieces  from  the  ventricular  septum,  namely,  pieces  two  and  four.  In  that  por- 
tion of  the  left  limb  which  was  marked  with  India  ink  there  was  no  cellular 
infiltration:  but  ventral  (anterior)  of  this  region  there  is  some  infiltration  of  the 
endocardium  and  subendocardial  musculature  where  it  is  not  unlikely  that  the 
left  branch  is  involved.  Similarly  there  is  infiltration  of  the  endocardium  and 
subendocardial  musculature  in  the  apex.  On  the  other  hand  there  is  no  cellular 
infiltration  of  the  posterior  papillary  muscle  of  the  left  side.  Many  of  the  cells 
under  the  epicardium  and  endocardium  of  tlie  right  and  left  ventricle  and  of  the 
posterior  papillary  muscle  are  broad  and  pale  and  vacuolated;  some  of  these  may 
be  Purkinje  cells,  possibly  some  Purkinje-like  because  of  the  direction  in  which 
they  are  cut  and  others  perhaps  because  of  a  Purkinje-cell  variety  of  muscle 
atrophy."  Some  of  the  nuclei  of  the  cells  are  of  the  swollen  type  with  unevenly 
distributed  chromatin  and  irregular  margins.  The  coats  of  the  blood-vessels  pre- 
sent an  increased  amount  of  connective  tissue. 

The  anterior  papillary  muscle  and  chordae  tendineae  of  the  right  side  (Block  5) 
are  normal  except  for  some  nuclei  of  the  swollen  type;  the  base  of  the  anterior 
papillary  muscle  of  the  left  side  and  underlying  ventricular  wall  (Block  6)  pre- 
sent pus  cells  in  the  epicardium  and  subepicardium  and  sclerosis  of  the  two  Inner 
coats  of  the  vessels. 

In  short,  an  almost  negligible  number  of  lymphocytic  and  a  still  lesser  number 
of  polymorphonuclear  cells  have  invaded  the  auriculoventricular  system,  and  that 
is  all;  therefore  from  an  anatomical  standpoint  the  conducting  mechanism  is  in 
a  condition  to  functionate,  but  from  a  physiological  viewpoint  the  sclerosis  of 
its  vessels  and  the  presence  of  even  but  a  few  pus  cells  in  the  junctional  tissue 


12.  According  to  Kagayo  [in  Beiter.  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler's) 
1909,  xlv.  295]  the  stripes  seen  macroscopically  are  due  not  only  to  the  pres- 
ence of  the  branches  of  the  conducting  system,  but  also  to  bundles  of  smooth 
muscle  fibers. 

13.  Cohn  and  Lewis:    Heart.  1912,  iv,  24. 
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and  finally  tlie  neighboring  infected  infarct  suggest  an  ineflBcieucy  of  circulation 
and  an  abnormal  condition  suflieient  to  account  for  heart-block. 

DISCUSSION 

The  sclerosis  of  the  coronary  arteries  and  its  branches  in  these  three 
aged  patients  stiggests  that  an  inadequate  circulation  plaj'ed  a  part  in 
the  production  of  the  s^Tnptoms  of  Adams-Stokes  syndrome  in  all  three. 

As  was  expected  in  arteriosclerotic  hearts,  some  increase  of  the  cells 
in  the  interstitial  tissue  was  observed,  but  we  do  not  know  what  may 
have  been  its  significance  in  these  cases. 

If  these  are  three  cases  of  heart-block,  as  is  suggested  by  the  Adams- 
Stokes  syndrome,  then  they  form  a  series.  Case  1  with  an  absolute  break 
between  the  stem  at  its  bifurcation  and  the  two  limbs  right  and  left. 
Case  2  with  its  inadequate  auriculonodal  junction  and  Case  3  without 
a  break  in  the  continuity  of  the  auriculoventricular  system. 

In  the  first  case  described,  a  lesion  to  account  for  heart-block  was 
seen;  there  was  complete  transverse  destruction  of  the  tissue  of  the 
bundle  of  His.  In  the  second  case,  it  is  impossible  to  state  to  what 
extent  the  sclerosis  of  the  sinu-auricular  node  and  the  fact  that  the 
atiriculonodal  junction  is  slight,  afiected  the  functions  of  the  heart. 
And  in  the  other  case,  though  histological  investigation  brought  to  light 
no  such  lesion  of  the  auriculoventricular  system  (i.  e.,  partial  or  com- 
plete break  in  its  continuity),  as  has  been  frequently  regarded  the  ulti- 
mate anatomical  basis  of  the  affection,  yet  the  findings  are  indicative  of 
such  a  disturbed  circulation  and  abnormal  condition  in  the  neighbor- 
hood of  the  conducting  apparatus  as  might  profoundly  influence  its 
functional  capacity. 

SUJrMAET 

1.  The  hearts  of  three  patients  with  Adams-Stokes  syndrome  pre- 
sented, the  first  a  calcific  mass  in  the  region  of  the  auriculoventricular 
bundle,  the  second  no  gross  lesion  across  the  conducting  system  to 
account  for  the  symptoms,  the  third  infarction  of  the  ventricular  septum. 

2.  The  first  patient  is  reported  to  have  denied  a  S}-philitic  history,  in 
the  second  case  the  past  history  is  not  given,  and  the  third  patient  is  said 
to  have  had  no  lues.  All  three  were  well  along  in  years  with  some 
sclerosis  of  the  vessels  and  some  increase  of  cells  in  the  interstitial 
tissues. 

3.  The  most  noteworthy  lesions  in  each  case  were :  in  the  first,  an 
absolute  break  in  the  course  of  the  stem  of  the  auriculoventricular  svs- 
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tcm;  in  the  second,  the  slight  aiiriculoiiodal  junction  and  a  sclerosis  of 
the  sinu-auriculav  node ;  in  the  third,  an  infected  infarct  of  the  ordinary 
ventricular  musculature  near  the  junctional  tissue. 

4.  The  possihilit}-  of  insufficient  circulation  and  of  a  lesion  in  the 
ordinary  ventricular  musculature  as  agents  in  the  production  of  heart- 
block,  are  suggested. 

We  are  greatly  indebted  to  Dr.  W.  G.  MacCallum  and  Dr.  L.  F.  Bishop  for 
the  privilege  of  describing  these  cases  and  to  Dr.  A.  E.  Cohn  for  his  valuable 
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THE  MECHANISM  OF  ANAPHYLATOXIN  FORMATION. 

Studies  on  Ferment  Action.     XV.* 

By  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

{From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  Uniz'ersity,  New  York.) 

The  attention  that  the  problems  of  anaphylaxis  and  of  anaphyla- 
toxin  formation  have  received  during  the  past  few  years  has  led 
to  two  antagonistic  conceptions  as  to  the  nature  of  the  mechanism  of 
intoxication. 

Friedberger  (i)  believes  that  the  phenomena  are  due  to  an  intoxication  by 
protein  split  products,  placing  the  matrix  of  the  poison  in  the  foreign  protein,  or 
antigen,  introduced.  Doerr  (2)  regards  them  as  physical  and  as  resulting  from 
colloidal  changes  in  the  serum,  and  denies  the  possibility  of  enzymotic  protein 
cleavage  as  having  any  direct  bearing  on  the  process  of  intoxication.  Keysser 
and  Wassermann  (3),  Ritz  and  Sachs  (4),  and  Bordet  (5)  are  more  or  less 
committed  to  the  physical-  theory,  although  they  do  not  consider  it  necessary  to 
go  as  far  as  Doerr  in  denying  the  splitting  of  the  proteins,  merely  placing  the 
matrix  of  the  toxin  in  the  homologous  serum,  without  definite  agreement  as  to 
the  nature  of  the  colloidal  changes  that  are  supposed  to  occur. 

The  production  of  the  so  called  anaphylatoxin  in  vitro  by  Friedemann  (6) 
and  by  Friedberger  and  Mita  (i),  by  the  interaction  of  complement,  antigen, 
and  amboceptor,  has  been  greatly  simplified.  Friedberger  himself  found  the 
amboceptor  superfluous.  Almost  any  adsorbing  substance  has  been  used  as  an 
antigen;  such  as  kaolin  (Keysser  and  Wassermann  (3)),  agar  (Besredka  and 
Strobel  (7),  and  Bordet  (s)),  " Kicselguhr"  (Doerr  (2)),  starch  (Nathan 
(8)).  waxes  and  fats  from  bacilli  (Leschke  (g)),  besides  the  true  antigens, 
which  latter  need  not  be  specific,  for  they  are  still  efifective  after  boiling.  The 
experiments  of  Doerr  and  Russ  (2),  Kraus  (10),  Seitz  (11),  Aronson  (12), 
and  Friedberger  have  shown  that  complement  is  not  essential,  for  toxic  sera 
can  be  produced  from  inactivated  serum,  although  not  with  the  same  regularity 
as  from  active  serum. 

If,  then,  the  antigen-antibody  hypothesis  has  failed  to  explain  the 
accumulated  facts,  how  are  we  to  interpret  the  toxicity  of  the  so 
called  anaphylatoxins  ?     The  evidence  still  seems  strong  that  the 

*  Received   for  publication,  April  2,   1914. 

37 


38  Mechanism  of  Anaphylatoxin  Formation. 

toxic  substances  are  cleavage  products  of  proteins,  or,  at  any  rate, 
proteins  so  altered  that  they  are  capable  of  being  split  in  the  or- 
ganism; for  Friedberger  does  not  claim  that  the  entire  toxic  effect 
of  anaphylatoxin  is  due  to  preformed  split  products.  The  argu- 
ments made  against  the  protein-intoxication  conception,  such  as 
the  time  element  and  the  minute  amount  of  substance  necessary,  are 
not  convincing,  for  we  know  that  ferment  action  may  be  very  rapid ; 
and  as  far  as  the  quantity  of  substrate  is  concerned  the  argument 
fails  if  we  place  the  matrix  of  the  poison  in  the  serum  proteins 
themselves.  There  is  some  reason  to  believe,  however,  that  if  fer- 
ment action  is  the  basis  of  anaphylactic  shock,  these  ferments  may 
have  a  much  wider  range  of  action  than  merely  on  the  introduced 
protein. 

Doerr  (2)  assumes  that  guinea  pig  serum  is  normally  toxic,  but  that  the 
toxicity  is  held  in  abeyance  by  some  unknown  substance  which  is  adsorbed 
during  the  anaphylatoxin  formation.  Ritz  and  Sachs  (4)  suggest  that  during 
adsorption  alteration  occurs  in  the  serum  resulting  in  the  formation  of  toxic 
substances.  In  a  measure,  both  of  these  views  are  probably  correct,  although 
in  neither  of  the  papers  in  which  they  are  put  forward  are  there  to  be  found 
suggestions  as  to  the  nature  of  the  adsorbed  substances.  Doerr  calls  attention 
to  the  marked  changes  in  coagulation  as  manifestations  of  the  intoxication  and 
suggests  a  causal  connection.  We,  too,  feel  certain  that  this  phase  warrants  a 
more  detailed  study. 

Granting  tentatively  that  anaphylaxis  and  anaphylatoxin  intoxications  are 
due  to  protein  split  products,  we  come  to  a  consideration  of  the  matrix.  That 
the  antigen  used  in  producing  anaphylatoxin  is  not  split,  has  been  convincingly 
shown  by  Donati  (13)  who  noted  that  organisms  so  used  retained  their  antigenic 
properties;  while  Neufeld  and  Dold  (14)  observed  that  living  bacteria  produced 
anaphylato.xin  more  easily  than  killed  organisms.  The  fact  that  the  same  antigen 
can  be  used  repeatedly  would  also  tend  to  confirm  this  view.  The  demonstra- 
tion of  dialyzable  split  products  occurring  in  anaphylatoxin  (Pfeiffer  and  Mita 
(15))  gives  no  clew  to  the  origin  of  the  cleavage  products;  and  inasmuch  as  we 
have  recently  (16)  shown  that  normal  serum  will  autolyze  rapidly  when  thi 
anti ferments  are  lowered  or  removed,  there  is  reason  to  believe  that  small 
amounts  of  split  products  may  occur  in  anapliylatoxin.  Total  non-coagulable 
nitrogen  determinations  made  according  to  the  method  of  Folin  show,  however, 
that  whatever  splitting  takes  place  in  the  usual  methods  of  anaphylatoxin  forma- 
tion is  very  small.  The  production  of  anaphylatoxins  by  means  of  kaolin,  agar, 
starch,  waxes,  and  infusorial  earth  leaves  no  room  for  doubt  that  the  matrix 
must  reside  in  the  serum. 

In  a  recent  paper  (16)  we  have  demonstrated  the  lipoidal  nature 
of  serum  antitrypsin  and  have  shown  that  the  inhibition  is  due  to 
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unsaturated  fatty  acids  and  esters  ( 17) .  We  have  also  shown  (18) 
that  by  extracting  the  serum  with  chloroform  or  ether,  thereby 
removing  the  antitrypsin,  or  by  saturating  the  free  bonds  with 
iodin,  or  by  acidulating  and  filtering  the  serum,  the  serum  becomes 
highly  toxic,  this  toxicity  depending  on  three  factors ;  i.  e.,  changes 
in  coagulation,  exposure  of  serum  proteins,  and  autolysis  in  vitro  of 
the  exposed  proteins.  Under  these  conditions  the  serum  becomes 
from  five  to  ten  times  as  toxic  as  the  ordinary  anaphylatoxin,  the 
exact  minimum  lethal  dose  depending  on  the  amount  of  lipoids  re- 
moved and  the  state  of  autolysis.  The  increase  in  toxicity  is  ac- 
companied by  a  constant  increase  in  the  total  non-coagulable  nitro- 
gen as  determined  by  the  Folin  method,  until  a  period  of  digestion 
is  reached  when  the  serum  is  no  longer  toxic.  The  mere  inactiva- 
tion  of  serum  antitrypsin  by  heat  or  acid  is  not  sufficient  to  secure  a 
toxic  serum,  possibly  because  the  lipoids  remain  in  the  serum  and 
are  rendered  active  again  on  reinjection.  From  the  serotoxin 
which  we  have  prepared  we  have  isolated  toxic  split  products,  ther- 
mostabile,  and  lethal  in  doses  of  about  o.oi  of  a  cubic  centimeter 
per  gram  weight  of  guinea  pig  when  made  up  to  the  original  serum 
volume. 

The  fatty  acids  and  their  salts  are  easily  adsorbable  substances 
(19),  and  we  might  therefore  expect  that  under  proper  quantitative 
conditions  it  would  be  possible  to  adsorb  these  protective  lipoids 
from  serum  without  afifecting  the  other  constituents.  We  have 
therefore  examined  the  effect  of  the  various  adsorbing  substances 
which  have  been  found  to  produce  typical  anaphylatoxin,  on  the 
serum  antitrypsin  of  fresh  guinea  pig  serum  and  other  sera.  Our 
experiments  have  been  made  by  incubating  the  mixture  for  three 
hours  and  then  testing  the  antitryptic  effects  directly  or  after  per- 
mitting the  mixture  to  remain  over  night  in  the  ice  chest.  In  the 
charts  illustrating  these  experiments  the  antitryptic  value  of  the 
untreated  serum  is  shown  in  the  heavy  black  lines.  Inasmuch  as 
the  ordinary  Fuld-Gross  technique  for  antitrypsin  determination 
leads  to  serious  errors  in  the  reading,  we  have,  in  every  instance,  de- 
termined the  total  nitrogen  digestion  by  the  method  of  Folin,  which 
we  have  described  in  our  former  papers. 
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EXPERIMENTS    WITH    TYPHOID    ANAPHYLATOXIN. 

Fresh  guinea  pig  serum  was  mixed  with  typhoid  bacilU  in  the 
proportion  of  two  cubic  centimeters  of  serum  to  one  agar  slant  of 
bacilH  and  the  mixture  was  incubated  for  three  hours.  The  mix- 
ture was  then  placed  in  the  ice  chest  over  night.  As  will  be  seen 
from  text-figure  i,  there  was  a  marked  decrease  in  the  antitryptic 
value  of  the  serum  so  treated.  There  was  no  increase  in  the  non- 
coagulable  nitrogen  of  the  serum.     A  portion  of  the  mixture  was 
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Text-Fig.   i.    Adsorption  of  serum  antitrypsin   from  guinea  pig  serum  by 
typhoid  bacilli. 

centrifuged  until  it  became  clear,  and  was  then  injected  intrave- 
nously into  guinea  pigs  to  determine  its  toxicity.  Two  cubic  centi- 
meters caused  immediate  death  of  a  guinea  pig  weighing  210  grams, 
witli  all  the  evidences  of  anaphylaxis.  The  experiments  have  been 
repeated  several  times  with  similar  results. 


EXPERIMENT  WITH  AGAR  AND  TUBERCLE  BACILLI  ANAPHYLATOXIN. 

A  similar  experiment  was  made  with  dried  tubercle  bacilli  and 
also  with  a  small  amount  of  solid  agar.  As  will  be  seen  from 
text-figure  2,  tubercle  bacilli  have  somewhat,  and  the  agar  had 
greatly  lessened  the  serum  antitrypsin.  It  is  interesting  to  recall 
that  the  production  of  anaphylatoxin  from  tubercle  bacilli  has 
always  been  somewhat  difficult,  and  that  Shibayama   (20)    found 
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that  by  extracting  the  fats  from  the  bacilh  the  result  was  much 
more  constant. 


ANAPHYLATOXIN   FROM    STARCH. 


The  next  experiment  was  made  with  starch  as  an  adsorbent. 
The  data  from  which  text-figure  3  has  been  made  will  be  found  in 
protocol  I.     In  this  experiment  a  large  amount  of  starch  paste 
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Text-Fig.  2.    Adsorption  of  serum  antitrypsin  by  agar  and  tubercle  bacilli. 
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adsorbed  less  of  the  antitrypsin  than  a  smaller  amount,  which  is  in 
accord  with  the  actual  toxic  effects  observed  by  Nathan  (8). 

The  following  experiment  illustrates  the  method  that  we  have 
used  in  this  series  of  experiments. 

2  c.c.  of  fresh  guinea  pig  serum  were  mixed  with  each  of  the  following 
substances: 

I  c.c.  of  diphtheria  toxin   (minimum  lethal  dose  ^  0.0025  c.c). 

o.i  c.c.  of  diphtheria  toxin  (minimum  lethal  dose  =  0.0025  c.c). 

0.2  gm.  of  kaolin. 

0.05  gm-  of  kaolin. 

0.1  c.c.  of  starch  paste. 

0.05  c.c.  of  starch  paste. 

0.25  gm.  of  agar  (semisolid)  active  serum. 

0.25  gm.  of  agar  (semisolid)  inactivated  serum. 

The  mixtures  were  incubated  for  three  hours,  placed  in  the  ice 
chest  over  night,  and  the  next  morning  each  tube  was  diluted  one 
tenth  to  twenty  cubic  centimeters  with  normal  salt  solution.     The 
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Text-Fig.  4.    Effect  of  diphtheria  toxin  on  serum  antitrypsin. 


kaolin,  starch,  and  agar  sera  were  then  centrifuged,  and  the  super- 
natant serum  was  mixed  with  trypsin  in  the  proportion  shown  in 
protocol  I,  incubated  for  thirty  minutes,  and  two  cubic  centimeters 
of  I  per  cent,  casein  solution  were  then  added.  After  digestion 
was  complete,  the  undigested  casein  and  serum  proteins  were  pre- 
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cipitated  by  salt  and  acid,  boiled,  filtered  through  kaolinized  hard 
paper  filters,  and  nitrogen  determinations  made  on  the  filtrate. 
The  nitrogen  determined  for  each  tube  in  reference  to  the  total  di- 
gestion of  the  casein  gives  the  exact  percentage  of  digestion. 

Text-figure  4  shows  the  effect  of  diphtheria  toxin  on  the  serum 
antitrypsin  and  illustrates  the  digestion  in  tubes  3,  4,  and  5  of  pro- 
tocol I.  The  amount  of  non-coagulable  nitrogen  in  0.05  of  a  cubic 
centimeter  of  diphtheria  toxin  (the  largest  amount  used)  was 
found  to  be  o.  i  of  a  milligram. 

It  will  be  noted  that  kaolin  had  not  affected  the  antitrypsin  when 
the  larger  amount  was  used,  but  the  smaller  amount  (0.05  of  a 
gram)  had  adsorbed  a  large  amount.  Our  experience  has  been  that 
agar  and  starch  and  bacteria  are  more  effective,  as  a  rule,  than 
kaolin,  which  is  only  effective  in  a  certain  definite  quanti- 
tative relation.  In  the  series  with  agar  the  inactive  serum  also 
shows  adsorption  of  the  antitrypsin.  We  have  found  it  on  the 
whole  more  difficult  to  secure  adsorption  from  the  inactivated  serum 
than  from  the  active,  corresponding  to  the  condition  which  ob- 
tains with  chloroform  extraction.  It  has  been  demonstrated  re- 
peatedly, however,  that  even  inactivated  sera  will  produce  anaphyla- 
toxins  although  not  so  constantly  as  active  sera.  The  relation 
of  the  toxicity  of  normal  guinea  pig  serum  to  its  antiferment  con- 
tent has  already  been  discussed  in  a  previous  paper  in  which  it  was 
shown  that  the  toxicity  is  proportionate  to  the  degree  of  removal  of 
the  antitrj'psin,  the  serum  becoming  more  toxic  with  decreasing 
antitryptic  activity.  In  our  present  work  with  bacteria,  agar, 
starch,  etc.,  we  have  found  that  the  same  conditions  apply,  the 
agents  which  absorb  most  antitrypsin  producing  the  most  toxic  sera. 
For  these  reasons  we  shall  not  describe  the  numerous  experiments 
made  in  the  course  of  the  work. 

EFFECT   OF  TOXINS   ON    SERUM    .\NTITRYPSIN. 

When  we  consider  the  effect  produced  by  true  toxins  we  must,  of 
course,  seek  a  different  explanation  than  one  of  mere  adsorption. 
Friedberger  and  I\Iita  (21)  demonstrated  that  an  active  toxin  could 
be  produced  by  incubating  tetanus  toxin,  diphtheria  toxin,  and 
cobra  venom  with  fresh  guinea  pig  complement.     Their  efforts  met 
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with  least  success  with  the  cobra  venom  preparation.  They  inter- 
preted their  results  as  indicating  that  the  complement  had  split  the 
toxins  to  still  more  toxic  products  which  killed  with  typical  anaphy- 
lactic symptoms.  In  view  of  the  exhaustive  work  that  has  been 
done  in  the  differentiation  of  the  toxins  and  their  components  this 
view  as  to  the  unity  of  toxin  action  seems  at  least  unreasonable.  It 
has  been  demonstrated  that  the  toxins  have  a  special  affinity  for 
lipoidal  substances  (de  Waele  (22),  Raubitschek  (23)).  Whether 
this  depends  on  the  presence  of  unsaturated  fatty  acids  has  not  been 
determined  and  we  are  now  conducting  experiments  in  this  direc- 
tion. If.  then,  these  lipoidal  bonds  are  first  saturated  by  a  toxin 
we  should  expect  that  the  trypsin  subsequently  added  would  be 
bound  to  a  lessened  degree,  since  the  lipoids  are  the  same  in  both 
cases.  It  is,  of  course,  quite  probable  that  the  phenomenon  is  a 
purely  physical  one,  but  it  is  interesting  to  note  in  this  connection 
the  close  parallelism  shown  by  the  behavior  of  the  toxins  and  the 
enzyme  in  their  relation  to  these  lipoids.  In  protocol  I  the  effect 
of  diphtheria  toxin  has  already  been  noted. 


PROTOCOL  II. 


I  per  cent. 

Serum  i  ;  lo 

Total 

No.  of 
tube. 

casein 

Trypsin. 

Senim  nor- 

+ cobra 

nitrogen 

Digestion. 

solution. 

mal  I  ;  10. 

venom. 

digestion. 

I 

2  C.C. 

0.0  C.C. 

0.0    mg. 

0% 

2 

2  C.C. 

0.2  C.C. 

. 

1.65  mg. 

100% 

3 

2  C.C. 

0.2  C.C. 

I.O     C.C. 

0.28  mg. 

17% 

4 

2  C.C. 

0.2  C.C. 

0.75  C.C. 

0.41  mg. 

25% 

5 

2  C.C. 

0.2  C.C. 

0.5    C.C. 

0.71  mg. 

43% 

Normal. 

6 

2  C.C. 

0.2  C.C. 

0.25  C.C. 

I. II  mg. 

67% 

7 

2  C.C. 

0.2  C.C. 

O.I     C.C. 

1.2    mg. 

72% 

8 

2  C.C. 

0.2  C.C. 

1.0      C.C. 

0.31  mg. 

18% 

■ 

9 

2  C.C. 

0.2  C.C. 

0.75  C.C. 

0.6    mg. 

36% 

10 

2  C.C. 

0.2  C.C. 

0.5      C.C. 

0.83  mg. 

50% 

Cobra 

II 

2  C.C. 

0.2  C.C. 

0.25  C.C. 

1.2    mg. 

72% 

venom. 

12. 

2  C.C. 

0.2  C.C. 

O.I     C.C. 

1.5    mg. 

0.67% 

All  tubes  were  made  up  to  5  c.c.  with  normal  saline  solution. 

In  our  next  experiment  (protocol  II)  the  results  showed  that 
cobra  venom^  also  lowered  the  antitryptic  value  only  to  a  small 
extent,  a  result  to  be  expected  from  the  experiments  of  Friedberger 

^  The  cobra  venom  was  kindly  furnished  us  by  Dr.  Noguchi. 
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and  Ito,  who  found  it  difficult  to  secure  toxic  serum  in  this  way, 
having  only  one  acute  death  in  their  series. 

The  reason  why  quantitative  differences  should  so  markedly  influ- 
ence anaphylatoxin  formation  is  not  clear,  although  we  have  noted 
frequently  that  large  amounts  of  bacteria,  kaolin,  or  starch  will 
adsorb  verj'  little  of  the  antitrypsin,  while  smaller  amounts  will  be 
effective.  That  such  a  condition  should  be  true  for  bacteria  might 
seem  reasonable,  for  when  large  numbers  are  incubated  a  proportion 
may  die  and  undergo  solution,  due  to  the  lipolytic  effect  of  the 
serum,  while  the  bacterial  anti ferments,  together  with  the  anti fer- 
ments previously  adsorbed  from  the  serum  will  be  thrown  back  into 
solution,  rendering  it  more  antitryptic  than  before.  That  lessened 
toxicity  when  larger  amounts  of  bacteria  are  used  should  be  due  to 
complete  protein  splitting  to  atoxic  products  is  out  of  the  ques- 
tion, for  even  with  a  concentrated  leucoprotease  solution  Jobling 
and  Strouse  (24)  found  that  it  required  several  days  to  secure 
highly  toxic  products  from  typhoid  bacilli. 

To  show  the  effects  of  various  amounts  of  bacteria  when  in-i 
cubated  with  fresh  serum,  we  have  carried  out  the  experiment 
shown  in  protocol  III.  The  technique  was  the  same  as  before, 
with  the  exception  that  only  one  cubic  centimeter  of  serum  was 
used  for  each  mixture,  the  final  dilution  being  made  to  ten  cubic 
centimeters,  instead  of  twenty.  The  number  of  bacteria  used  is, 
of  course,  not  absolute,  the  measure  being  a  large  platinum  loop,  the 
amounts  used  being  4,  2,  i,  and  ^  loops  to  each  cubic  centimeter. 
From  the  results  it  will  be  seen  that  the  staphylococci  are  effective 
only  in  the  larger  amounts,  while  typhoid  bacilli  give  the  most 
marked  effects  in  the  one  and  two  loop  mixtures,  the  four  loop 
mixture  being  less  effective. 

If  serum  antitrypsin  is  adsorbed  by  the  bacteria  used  in  the 
preparation  of  anaphylatoxin  we  should  expect  that  such  bacteria 
would  become  more  resistant  to  tryptic  digestion  tl;an  untreated 
bacteria.  In  order  to  determine  this  point  the  following  experi- 
ment was  carried  out. 

Typhoid  bacilli  which  had  been  incubated  with  fresh  guinea  pig  serum  (com- 
plement) in  the  preparation  of  anaphylatoxin  were  centrifuged,  washed,  and  dried 
by  grinding  in  an  agate  mortar.     The  dry  weight  was  30  mg.     A  similar  amount 
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Mechanism  of  Anaphylafoxm  Formation. 


of  dried  untreated  typhoid  bacilli  was  used  as  a  control.  They  were  each  sus- 
pended in  3  c.c.  of  normal  salt  solution  and  lo  mg.  of  sodium  carbonate,  and  o.l 
c.c.  of  trypsin  solution  was  added  to  each.  The  trypsin  was  of  such  strength 
that  O.I  c.c.  would  digest  2  c.c.  of  a  i  per  cent,  casein  solution  in  two  hours.  The 
tubes  were  kept  in  the  incubator  over  night.  The  next  morning  the  mixtures 
were  acidified,  boiled,  filtered  through  kaolinized  hard  filters,  and  nitrogen  deter- 
minations (Folin)  were  made  to  determine  the  amount  of  digestion. 


No.  of  tube. 


Original  typhoid. 


Serum-treated 
typhoid. 


Total  nitrogen 
digestion. 


Per  cent,  digestion. 


3  C.C. 
o  c.c. 
3  c.c. 


0  c.c.  1. 5      mg. 

3  c.c.  0.37s  mg. 

Total  nitrogen— 3  mg. 
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The  digestion  of  the  untreated  bacteria  is,  therefore,  over  four  times 
as  great  as  of  those  bacteria  which  have  adsorbed  antitrypsin  from 
the  serum. 

With  staphylococci  this  difference  is  not  so  great,  but  in  the 
experiments  which  we  have  made,  the  digestion  of  the  untreated 
bacteria  is  always  somewhat  greater  than  of  those  which  have  been 
treated  with  fresh  serum.  We  have  stated  that  one  can  adsorb  the 
antitrypsin  from  the  inactivated  serum  almost  as  well  as  from  the 
active  guinea  pig  serum,  although  the  process  seems  to  be  slower. 
That  even  inactivated  sera  will  form  anaphylatoxins  has  been  shown 
before  (2,  10,  11,  12).  From  human  serutn  it  is  much  more  diffi- 
cult to  remove  the  anti ferment  by  adsorption.  Horse  serum  anti- 
trypsin we  have  found  almost  as  easily  adsorbable  as  the  guinea 
pig  antitrypsin. 

DISCUSSION. 

The  interpretation  of  our  results  is,  we  believe,  simple.  The 
serum  proteins  are  normally  prevented  from  digestion  intravitally 
by  the  presence  of  protective  lipoids, — unsaturated  fatty  acids,  but 
when  these  are  removed  the  proteolytic  ferment  of  the  serum  can 
rapidly  split  the  proteins ;  the  exposure  of  the  proteins  by  partial 
removal  of  the  antitrypsin  through  adsorption,  or  coinplete  removal 
by  means  of  the  lipoidal  solvents  renders  the  serum  highly  toxic  to 
the  homologous  animal.  The  recent  work  of  Dold  and  his  co- 
workers (25)  afifords  a  complete  confirination  of  this  view.  They 
state  that  anaphylatoxins  could  not  be  obtained  in  vivo  or  in  vitro 
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with  bacteria  which  had  been  treated  with  oils,  with  bile,  or  with 
cholesterol,  but  that  the  bacteria  had  not  lost  their  power  to  act  as 
antigens,  and  still  contained  active  endotoxins. 

Bacteria  treated  in  this  manner  ha\'e,  of  course,  been  saturated 
with  lipoids  and  can  no  longer  take  up  more  when  placed  in  contact 
with  fresh  serum.  If  the  bacteria  had  been  split,  as  Friedberger 
contends,  then  it  would  be  impossible  to  secure  toxic  effects  in  vivo, 
and  their  antigenic  properties  would  be  destroyed.  \\'e  have  re- 
peated the  experiments  of  Dold  and  his  co-workers  and  have  never 
noted  any  adsorption  of  antitrypsin  from  fresh  guinea  pig  serum  by 
bacteria  so  treated ;  neither  did  the  serum  so  treated  become  toxic. 

The  views  of  Friedberger  are,  therefore,  untenable  in  that  the}' 
would  make  one  uniform  toxic  agent  responsible  for  the  manifold 
toxic  effects  observed  in  disease.  While  split  products  of  proteins 
(primary  proteoses)  whether  from  a  foreign  source  or  from  the 
organism's  own  proteins,  are  no  doubt  the  causative  agents  in  many 
instances,  the  mechanism  of  their  production  is  unquestionably  dif- 
ferent from  the  one  supposed  by  Friedberger.  From  the  com- 
plexity of  the  protein  molecule,  we  should  expect  that  even  the 
higher  cleavage  products  would  show  differences  in  their  toxic,  as 
they  do  in  their  antigenic  properties;  and  the  unfailing  uniformity 
of  the  toxic  eft'ects  of  the  anaphylatoxins,  together  with  the  lack  of 
antigenic  properties,  is  one  of  the  strongest  arguments  that  the  sub- 
strate from  which  the  toxic  substances'  are  split  is  the  same  in  every 
case.  That  Friedberger  (26)  himself  seems  to  realize  that  the 
position  which  he  has  taken  is  untenable  is  indicated  in  his  recent 
work  with  kaolin,  the  toxic  effects  of  which  he  found  could  be  pre- 
vented by  previous  treatment  with  serum.  He  says :  "The  toxicity 
of  kaolin  is  not  due  to  mechanical  injury;  it  is  probably  due  to  the 
adsorption  of  certain  substances  from  cells  fundamental  to  the  life 
of  the  organism." 

CONCLUSION. 

1.  The  unsaturated  lipoids  (serum  antitrypsin)  can  be  adsorbed 
from  guinea  pig  serum,  rabbit  serum,  and  horse  serum  by  kaolin, 
starch,  agar,  and  bacteria. 

2.  Diphtheria  toxin  and  cobra  venom  also  reduce  the  serum 
antitrj'psin,  possibly  because  of  their  affinity  for  lipoids. 
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3.  Anaphylatoxins  represent  sera  rendered  toxic  by  partial  re- 
moval of  serum  antitrypsin. 

4.  The  matrix  of  the  protein  split  products  lies  in  the  serum  pro- 
teins so  exposed. 

5.  The  amount  of  removal  of  serum  antitrypsin  depends  on  defi- 
nite quantitative  relations;  very  large  amounts  and  very  small 
amounts  of  adsorbing  substances  are  least  effective  (kaolin,  starch, 
and  bacteria). 

6.  Bacteria  previously  treated  with  serum  or  with  oils  do  not 
adsorb  serum  antitrypsin. 

7.  Bacteria  treated  with  serum  become  more  resistant  to  the 
action  of  trypsin. 
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THE  RE]\10\'AL  OF  CALCIUM  FROM  THE  BLOOD  BY 
DLALYSIS  IN  THE  STUDY  OF  TETANY.* 

By  W.  G.  MacCALLUM,  M.D.,  R.  A.  LAMBERT,  M.D., 
AND  KARL  M.  VOGEL,  M.D. 

(From  tJie  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia   University,  Neiv   York.) 

On  the  appearance  of  the  paper  by  Abel,  Rowntree,  and  Turner' 
describing  a  method  by  which  diffusible  substances  might  be  re- 
moved from  the  circulating  blood  by  dialysis,  it  occurred  to  us  that 
we  might  attack  the  question  of  the  relation  of  calcium  salts  to 
tetany  in  a  new  way. 

At  first  we  thought  that  we  might  be  able  to  produce  tetany  by 
mechanically  removing  calcium  from  the  blood  by  allowing  it  to  cir- 
culate through  celloidin  tubes  immersed  in  an  isotonic  solution  con- 
taining no  calcium.  We  therefore  constructed  a  machine  somewhat 
like  Abel's,  and  made  a  number  of  experiments  with  this  ob- 
ject in  view,  using  a  fluid  put  together  according  to  Abder- 
halden's  analysis  of  the  inorganic  constituents  of  the  dog's  blood, 
but  without  calcium.  We  varied  this  fluid  by  substituting  phos- 
phates for  chlorides,  with  the  idea  that  by  removing  chlorides  also 
we  might  still  further  reduce  the  proportion  of  soluble  calcium.  We 
used  defibrinated  blood  instead  of  salt  solution  in  starting  the  cur- 
rent, and  finally  defibrinated  all  the  animal's  blood.  The  results 
were  practically  negative,  and  we  abandoned  the  method  because  it 
seemed  that  we  could  attain  our  end  better  in  another  way  without 
exposing  the  animal  to  an  operation  which  must  be  prolonged  over 
many  hours. 

We  adopted  a  method  which  consisted  in  passing  a  quantity  of 
defibrinated  blood  from  another  dog  through  a  modified  dialyzing 
apparatus  (text-figure  i  )  for  many  hours  until,  as  we  could  ascer- 


*  Received  for  publication,  June  2.   1914. 

'  Abel,  J.  J.,  Rowntree,  L.  G.,  and  Turner,  B.  B.,  Jour.  Pharmacol,  and  Exper. 
Therap.,  ipi-t,  v,  275. 
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tain  by  chemica!  analysis,  the  amount  of  calcium  was  greatly  re- 
duced and  had  passed  over  into  the  dialyzing  fluid.     It  was  then 


Text-Fig.  i.     Dialysis  apparatus  of  celloidin  tubes  in  series. 


proposed  to  run  the  blood  into  the  veins  of  a  normal  animal  after 
an  equal  amount  had  been  removed  from  the  carotid  arter3%  but  even 
before  this  was  done,  it  was  thought  best  to  ascertain  the  effect  of 
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the  dialyzed  blood  upon  the  nerves  of  an  isolated  extremity  by  per- 
fusion, according  to  the  method  previously  employed-  in  studying 
the  blood  of  animals  in  tetany.  A  number  of  experiments  made  in 
this  way  gave  the  following  results. 

Dog  lA^o. — Normal  extremity.     Perfusion  started  at  3.50  p.  m.  with  blood 
dialyzed  against  calcium-free  fluid. 
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Blood  used  in  perfusion  contained  calcium  per  1,000  c.c.  as  follows: 
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0.0465 
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Dog  1421. — Normal  isolated  extremity.     Perfusion  started  at  4.15  p.   m.  in 
the  same  way. 
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Dog  1,4^7- — Normal  leg  perfused  first  with  normal  then  with  dialyzed  blood. 
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-  MacCallum.  \Y.  G.,  Mitt.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1913,  xxv,  941 

'  KC  ^  kathode  closing ;  AO  =  anode  opening,  etc. 

*In  all  the  tables  —  indicates  negative  up  to  5  milliamperes. 
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It  will  be  seen  from  these  tables  that  the  results  of  perfusion  with 
dialyzed  blood  were  not  especially  striking,  nor  do  they  convince  one 
that  the  alterations  in  excitability  of  the  nerves  are  strictly  due  to  the 
withdrawal  of  calcium.  From  long  previous  experience,  although 
it  is  known  that  a  rise  in  excitability  of  a  brief  and  temporary 
nature  can  come  about  from  inadequacy  of  the  circulation  and  that 
the  great  fall  at  the  end  of  each  curve  is  doubtless  due  to  this  or  to 
some  direct  injury  of  other  kinds,  still  it  is  also  known  that  with  a 
good  circulation  with  normal  blood  the  excitability  will  remain  almost 
constant.  These  curves  were  especially  inconclusive  in  that  while  a 
visible  contraction  could  be  elicited  w'ith  weak  currents,  strong  shocks 
gave  only  about  the  same  muscular  jerk.  Instead  of  a  brisk  sharp 
contraction  the  foot  moved  lazily,  often  twisting  in  a  peculiar  way, 
and  after  the  perfusion  with  dialyzed  blood  had  gone  on  for  only 
a  short  time  all  peripheral  contractions  disappeared  and  the  shock 
produced  only  jerking  of  the  thigh  muscles  behind  the  electrode. 
These  are  inevitable  signs  of  approaching  death  of  the  nerve,  im- 
pressing us  rather  as  the  consequences  of  some  sort  of  poisoning, 
and  in  every  case  the  dialyzed  blood  was  quickly  exchanged  for 
normal  blood,  sometimes  with  a  return  of  the  excitability. 

Discouraged  by  these  results,  we  determined  to  add  the  normal 
amount  of  calcium  to  our  dialyzing  fluid,  which  at  this  time  had  the 
following  composition : 


Sodium  chloride 

60.0 

Disodium  phosphate 

28.S 

Potassium  chloride 

4.0 

Magnesium  chloride 

2.87 

Sodium  bicarbonate 

5-0 

Dextrose 

10.9 

Water 

10,000 

It  became  apparent  at  once,  as  we  might  have  foreseen,  that  the 
calcium  is  precipitated  by  the  phosphates  present.  Phosphates  were 
therefore  left  out  and  calcium  was  added.  After  dialysis  with  this 
fluid,  perfusion  of  the  leg  gave  almost  the  curve  which  one  would 
expect  with  normal  blood. 
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Text-Fig.  2.     Perfusion  of  leg  with  blood  dialyzed  against  fluid  containing 
all  inorganic  constituents  of  blood  including  calcium. 

Dog    J.434. —  (Text-figure    2.)     Normal    leg    perfused    with    blood    dialyzed 
against  a  fluid  containing  calcium  but  no  phosphates. 

Sodium  chloride  60.0 

Sodium  bicarbonate  5.0 

Potassium  chloride  4.0 

Magnesium  chloride  2.3 

Dextrose  ii.o 

Calcium  lactate  6.0 
Water                             10,000 
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It  will  be  seen  from  text-figiire  2  that  during  the  perfusion  of 
normal  blood  a  partial  clamping  off  of  the  supply  tube  produced  a 
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brief  rise  in  excitability  which  then  passed  away  when  the  current 
was  turned  on  in  its  full  strength. 

Therefore,  from  that  point  the  experiments  were  begun  again 
with  a  dialyzing  fluid  containing  neither  calcium  nor  any  consider- 
able quantity  of  the  disturbing  phosphates.  Probably  with  this 
fluid  the  blood  lost  some  of  its  phosphates,  but  the  difficulty  of 
devising  a  dialyzing  fluid  which  should  remove  nothing  but  calcium 
from  the  blood  seemed  insurmountable.^ 
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Text-Fig.  3.     Perfusion  of  leg  with  blood  dialyzed  against  fluid  devoid  of 
calcium. 


Dog  1,435. —  (Text-figure  3.)  Normal  leg  perfused  at  2.32  p.  m.  with  normal 
blood,  at  3.01  with  dialyzed  blood,  and  at  4.01  again  with  normal  blood.  900  c.c. 
of  normal  blood  were  dialyzed  for  y/i  hours  against  18,000  c.c.  of  fluid  (fluid  3) 
of  the  following  composition,  which  was  used  in  all  later  experiments. 

5  Since  writing  this  paper  it  has  been  suggested  to  us  by  Dr.  A.  E.  Taylor  that 
as  the  phosphates  in  the  blood  are  in  non-dialyzable  combinations  there  is  little 
source  of  error  in  using  a  dialyzing  fluid  without  phosphates. 
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Te.\t-Fig.  4.  Perfusion  of  leg  with  blood  dialyzed  against  fluid  devoid  of 
calcium. 

Dog  /../j(?.— (Text-figure  4.)  Normal  leg  perfused  at  4.20  p.  m.  with  normal 
blood.  This  was  changed  to  dialyzed  blood  at  5.02,  and  again  to  normal  blood  at 
6.12.  The  dialyzed  blood  was  i.ooo  c.c.  which  had  been  poured  through  the  long 
celloidin  *ubules  for  7  hours  against  24.000  c.c.  of  the  fluid  described  above. 
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Normal  blood         Dialyzed  blood  Normal  blood 

On  the  entrance  of  the  dialyzed  blood  the  leg  jerked  and  inoved  itself  about. 
Twitchings  were  evident  until  about  5.20. 

The  chemical  analysis  of  the  dialyzing  fluid  before  and  after 
dialysis,  and  of  the  blood  at  various  points  in  the  experiments,  is  as 
follows.     The  figures  show  the  amount  of  calcium  per  1,000  c.c. 

Bog  1,455.  Dog  1,438. 

Dialyzing  fluid  before  dialysis  of  blood   0.0040  O.0043 

Dialyzing  fluid  after  dialysis  of  blood   (ist)    0.0076  0.0076 

Dialyzing  fluid  after  dialysis  of  blood   (2d)    0.0048  0.0054 

Blood  before  dialysis   0.0364  0.0442 

Blood  after  dialysis 0.0284  0.0233 

Blood  after  perfusion  of  leg  o.02i2(  ?)  0.0300 

Text-figxires  3  and  4  show  clearly  that  perfusion  with  blood  partly 
deprived  of  its  calcium  by  dialysis' produces  great  hyperexcitability 
of  the  nerves,  and  further  that  this  must  be  due  solely  to  the  loss  of 
calcium,  since  exactly  the  same  procedure,  changed  only  by  the  addi- 
tion of  precisely  enough  calcium  to  the  dial3'zing  fluid  to  prevent  an}' 
loss  or  gain  of  calcium  by  the  blood,  brings  about  no  such  hyper- 
excitability of  the  nerves.  This  proof  may  be  somewhat  strength- 
ened by  the  addition  of  another  curve  made  in  the  same  way,  except 
that  the  dialyzing  fluid  was  so  devised  as  to  remove  a  large  part  of 
the  chlorides  from  the  blood,  leaving  the  calcium  unchanged. 

Dog  1,461). —  (Text-figure  5.)  Normal  leg  perfused  at  2.45  p.  m.  with  normal 
blood,  and  at  3.30  with  dialyzed  blood.  Dialysis  was  of  800  c.c.  of  normal  blood 
for  6Y2  hours  against  30,000  c.c.  of  fluid  4  of  the  following  composition : 

Sodium  acetate  50.0 

Sodium   nitrate  40.0 

Sodium  bicarbonate  lo.o 

Magnesium  chloride  2.3 

Potassium    nitrate  5.25 

Calcium  lactate  S.o 

Dextrose  20.0 
Water                             10,000 
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Text- Fig.  5.    Leg  perfused  with  blood  dialyzed  against  a  chloride- free  fluid. 
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It  is  seen  from  text-figure  5,  in  which  the  variations  are  so  slight, 
that  h3'perexcitabiHty  of  the  nerves  is  not  produced  by  long  per- 
fusion, even  with  blood  greatly  altered  by  dialysis,  so  long  as  the 
dialysis  has  not  removed  the  calcium.  When  the  calcium  is  dimin- 
ished, however,  the  efifect  in  producing  hyperexcitability  is  prompt 
and  persists  as  in  the  case  of  tetany  blood  so  long  as  blood  altered  in 
thfs  way  is  passing,  giving  way  to  normal  conditions  as  soon  as 
normal  blood  is  again  circulated. 

\\'hen  an  isolated  extremity  is  perfused  the  influence  of  the  un- 
diluted dialyzed  blood  must  be  felt  by  the  nerves,  since  there  is  but 
little  tissue    from   which  calcium   or   other  constituents   could  be 
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absorbed  in  the  passage  of  the  blood.  We  thought,  therefore,  that 
this  might  be  the  most  trustworthy  expression  of  the  nature  of  the 
influence  of  the  dialyzed  blood.  Nevertheless  we  attempted  to  intro- 
duce dialyzed  blood  in  quantity  into  the  veins  of  an  animal,  realizing 
that  it  would  at  once  meet  with  an  abundant  source  of  calcium  in  the 
tissues,  but  hoping  to  circulate  it  so  rapidly  as  to  surprise  the  nervous 
system  and  produce  some  hyperexcitability  not  only  of  the  peripheral 
nerves  but  of  the  ganglion  cells.  We  planned  not  only  to  wash  out 
all  the  animal's  blood  with  dialyzed  blood  but  to  replace  that,  too, 
with  fresh  dialyzed  blood.  Indeed  after  one  or  two  experiments 
we  even  circulated  fresh  dialyzed  blood  through  the  whole  animal, 
so  that  if  the  tissues  were  to  supply  calcium  to  all  the  new  blood 
presented  to  them  they  must  furnish  enough  to  bring  back  to 
normal  the  calcium  content  of  five  or  six  times  as  much  blood  as 
was  possessed  by  the  animal  before.     At  the  beginning  of  each 
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Text-Fig.   6.     Repeated   bleeding    from   carotid   with   replacement   of   blood 
dialyzed  until  poor  in  calcium 
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experiment  the  parathyroids  of  the  animal  were  removed.     The 
protocols  are  as  follows  : 

Dog  1.440. —  (Text-figure  6.)  Normal  animal  bled  at  intervals,  dialyzed  blood 
being  returned.  Thyroids  and  parathyroids  removed  at  4.35  p.  m.  No  tetany 
developed. 
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In  this  experiment  1,350  c.c.  of  blood  dialyzed  for  7  hours  against  30,000  c.c. 
of  fluid  3  were  used  in  replacing  normal  blood.    Effect  very  slight. 
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blood. 
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Dog  1,441. —  (Text-figure  7.)  Normal  animal,  blood  at  intervals  replaced 
with  dialyzed  blood.  1,300  c.c.  of  blood  dialyzed  for  yyi  hours  against  26.000 
c.c.  of  fluid  3.    Parathyroids  were  removed  just  before  the  experiment  started. 


1      3-30 

3-45 

3-55 

4.05 

4-35 

5.30 

5. so 

6.00 

6.10 

KC  . 

0.1 

O.I 

O.I 

0.2 

0.2 

0.2 

0.2 

0.2 

0.4 

KO  . 

— 

— 



— 

4.6 

2.4 

3.6 

4.0 

AC  . 

0.8 

0.7 

0.7 

I.O 

0.7 

I.O 

0.8 

I.O 

0.8 

AO  . 

1.4 

1-4 

1.2 

I.O 

0.8 

0-5 

0.8 

0.5 

0.6 

Bled 

26s  c.c. 

190  c.c 

Returnee 

dialyzed 

230  c.c. 

240  c.c 

blood 

200  CC.    200  C.C. 
200  CO.    250  C.C. 


There  is  general  twitching;  no  definite  tetany;  much  vomiting. 
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Text-Fig.   8.     Normal   animal    through   which   dialyzed   blood   was   actually 
circulated. 


Dog  1,442. —  (Text-figure  8.)  Normal  animal  through  whose  blood  vessels 
dialyzed  blood  was  actually  circulated,  as  shown  in  the  chart.  Parathyroids 
first  removed. 
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blood 

1.800  c.c.  of  blood  dial)-zed  for  7  hours  against  30,000  c.c.  of  fluid  3  were  used. 
Each  part  of  this  probably  circulated  two  and  one  half  times.  Vomiting;  no 
definite  twitching;  collapse  and  death. 

From  these  experiments  it  seems  clear  that  it  is  impossible  in  a 
short  time  to  reduce  the  calcium  content  of  the  blood  circulating 
through  the  whole  body  or  to  keep  it  reduced  to  such  a  degree  as  to 
bring  about  a  tetany-like  hyperexcitability  of  the  nerves.  There  is 
too  abundant  a  source  for  fresh  calcium  in  the  various  tissues,  in- 
cluding the  bones,  and  the  blood  quickly  replenishes  itself.  It  might 
seem  possible  to  repeat  this  process  during  several  days  and  thus 
imitate  the  latent  period  which  follows  extirpation  of  the  parathy- 
roids, but  in  this  case  it  would  be  necessary  to  extirpate  those  glands, 
when  tetany  would  arise  of  itself,  since  otherwise  the  blood  would 
rapidly  replenish  its  calcium,  under  their  influence,  from  the  skeleton. 
Indeed,  the  rapidity  with  which  calcium  enters  the  circulating 
dialyzed  blood  from  the  tissues  is  shown  by  comparison  of  the 
analyses  of  samples  taken  before  and  after  its  circulation  in  the 
body. 

In  dog  1.441  the  blood  contained  per  i.ooo  c.c. : 

Before   dialysis    0.0485 

After  dialysis  o.oigo 

After  circulation  for  about  2  hours 0.0381 

It  remains  a  question  whether,  if  one  could  continue  this  depletion 
over  several  days,  it  would  be  possible  to  produce  such  changes  in 
excitability  as  are  seen  in  tetany,  and  in  fact  this  was  our  original 
problem.  It  leaves  one  with  the  impression  that  the  parathyroid 
secretion  must  govern  the  conversion  of  a  non-dialyzable  and  useless 
combination  of  calcium  into  a  dialyzable  form  which  is  essential 
for  the  control  of  the  excitability  of  the  nerves,  but  which  is  lost 
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in  the  excreta  and  not  newly  formed  in  the  absence  of  parathyroid 
secretion. 

Although  we  had  learned  that  it  is  possible  by  perfusion  with 
calcium-poor  blood  to  produce  hyperexcitability  of  the  nerve, 
it  remained  to  bring  this  fact  into  direct  relation  with  the  condition 
in  tetany,  for  it  might  be  objected  that  there  the  mechanism  is  a 
different  one.  This  we  thought  would  be  attained  if  we  could  show 
that  this  dialyzed  blood  had  lost  the  power  possessed  by  normal 
blood  of  curing  tetany  on  transfusion.  It  is  well  known  that  if  an 
animal  in  tetany,  after  the  removal  of  the  parathyroids,  be  bled 
and  the  blood  replaced  with  normal  blood,  the  excitability  of  the 
nerves  falls,  and  twitchings  disappear  for  a  time.  Dialyzed  blood 
poor  in  calcium  has  little  or  nothing  of  this  eft'ect,  although  if  the 
dialyzed  blood  be  not  so  poor  in  calcium  as  that  of  the  animal  in 
tetany,  it  will  lower  the  excitability  somewhat.  If  in  an  animal  in 
tetany  we  replace  the  blood  with  dialyzed  blood  and  find  no  change 
in  the  symptoms  nor  lowering  of  the  excitability,  we  may  remove 
that  blood  and  replace  it  with  normal  blood  which  does  stop  the 
twitching  and  lower  the  excitability. 

But  if,  although  the  excitability  is  not  lowered  by  the  dose  of 
dialyzed  blood,  we  do  nothing  further,  the  excitability  is  found  to 
be  lowered  the  next  day  or  after  some  hours.  To  explain  this  we 
have  imagined  that  while  in  dialysis  we  remove  the  calcium  from  the 
normal  blood,  we  may  not  remove  the  parathyroid  secretion  which 
on  being  injected  into  a  dog  in  tetany  after  a  time  causes  the 
appearance  of  dialyzable  calcium  in  the  blood  and  goes  far  to  relieve 
temporarily  the  tetany.  It  is  on  this  basis  that  it  seems  hopeless  to 
attempt  to  produce  a  condition  resembling  tetany  by  the  repeated 
replacement  of  the  blood  over  a  period  of  days  with  normal  blood 
dialyzed  until  it  is  poor  in  calcium,  because  at  the  same  time  we 
furnish  parathyroid  secretion  which  ensures  the  continual  with- 
drawal of  calcium  from  the  tissues.  It  is  true  that  we  might  dialyze 
tetany  blood,  but  even  then  having  a  blood  free  from  parathyroid 
secretion  and  poor  in  calcium  we  have  no  animal  in  which  to  make 
evident  the  effect  of  pure  lack  of  calcium,  for  the  animal  with 
intact  parathyroids  will  continually  frustrate  this  object,  and  the 
animal  deprived  of  parathyroids  will  develop  tetany  during  the 
experiment. 
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ILLUSTRATIVE  PROTOCOLS. 

Dog  1.444. —  (Text-figure  9.)  Tetany  developing  2  days  after  parathyroidec- 
tomy. Bled  on  two  occasions,  normal  blood  being  replaced.  Transient  relaxa- 
tion and  lowering  of  excitability. 
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Text-Fig.  10.     Tetany.     Effect  of  bleeding  and  replacing  normaJ  blood. 

Dog  1,451. — (Text-figure  10.)  Violent  tetany  24  hours  after  parathyroidec- 
tomy. Bled  800  c.c,  and  this  loss  was  replaced  by  625  c.c.  of  normal  blood. 
Immediate  relaxation  and  lowering  of  excitability  of  nerves." 

"  A  curious  phenomenon  was  observed  in  these  cases  in  which  nearly  all  the 
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Returned  normal  blood 


800  c  c. 
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Returned  dialyzed  blood 


425  c  c. 
400  c.c. 


This  animal  developed  tetanj-  again  on  April  28  and  was  bled  425  c.c,  400  c.c. 
of  dialj'zed  blood  being  replaced.  There  was  no  recovery  from  the  spasm 
brought  on  by  the  bleeding,  and  death  followed  rapidly.  This  case  forms  an 
example  of  the  contrast  between  the  effects  of  introducing  normal  and  dialyzed 
blood. 

Dog  1.443. — Moderate  tetany  2  days  after  parathyroidectomy.  At  2.23  p.  m. 
bled  150  c.c.  Blood  replaced  by  150  c.c.  of  blood  dialyzed  for  5  hours  against 
10,000  c.c.  of  fluid  3.  At  3.20  bled  150  c.c,  and  replaced  150  c.c.  of  normal 
At  10.30  bled  200  c.c,  and  replaced  250  c.c.  of  normal  blood. 


blood. 
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Bled  150  c.c.  150  c  c. 

Returned  Returned 

dialyzed  blood    150  c.c.        normal  blood     150  c.c. 


200  c.c. 
200  c.c. 


Dog  1,447. —  (Text-figure  11).  Violent  tetany  at  2  p.  m.  Bled  350  c.c  which 
were  replaced  with  350  c.c.  of  blood  from  a  lot  of  600  c.c.  which  had  been 
dialyzed  for  4^2  hours  against  12,000  c.c.  of  fluid  3.  Change  in  character  of 
electric  reaction,  but  no  marked  change  in  excitability.  Contraction  slow,  no 
rigidity.  Tongue  tremor  and  twitchings  continue.  At  5.45  bled  300  c.c,  and 
replaced  400  c.c.  of  normal  blood.  Complete  relaxation  and  return  of  excitability 
to  normal. 


blood  was  removed,  at  the  moment  before  the  normal  blood  was  allowed  to  run 
in.  Although  twitching  may  have  been  slight  when  the  bleeding  began,  the  most 
violent  contractions  and  extreme  rigidity  appeared  during  the  extreme  anemia, 
to  disappear  at  once  when  the  other  blood  entered  the  veins.  Probably  this  is 
due  to  temporary  asphyxia  of  the  nerves. 
"  Negative  up  to  3  milliamperes. 
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Text-Fig.  ii.     Tetany.     Bleeding  on  two  occasions.     Dialyzed  blood  replaced 
without  effect.     Normal  blood  reduces  excitability. 
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Dog  1,452. — No  tetany  4  days  after  parathyroidectomy.    Moderately  high  ex- 
citability.    Bled  315  c.c,  replaced  by  330  c.c.  of  blood  dialyzed  7  hours  against 

fluid  3,  --  — ^~ — ^-.7.     Animal   much   depressed  and  vomited.     Excitability  a 
10,000  c.c.  fluid 
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little  lowered,  and  this  lowering  continued  and  increased  for  the  next  two  days. 
Then  bled  300  c.c,  which  were  replaced  by  300  c.c.  of  blood  dialyzed  for  6  hours, 
400  c.c. 


15.000  c.c. 


No  marked  change  in  excitability. 
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\\'e  made  a  number  of  analj-ses  of  the  blood  of  animals  in  tetany, 
of  the  dialyzed  normal  blood  used  to  replace  their  own,  of  the  normal 
blood,  and  of  the  normal  or  dialyzed  blood  removed  again  after  it 
had  circulated  for  a  time  in  the  animal,  thinking  that  a  comparison 
of  these  figures  might  throw  some  light  on  what  occurred  in  the 
body  to  influence  the  tetany.  But  such  figures  would  be  difficult  to 
interpret  because  they  would  change  continually  with  the  time  the 
new  blood  was  allowed  to  stay  in  the  body,  first  through  the  process 
of  obtaining  a  balance  with  the  tissues,  and  then  through  the  same 
process  that  disturbed  the  composition  of  the  blood  to  produce 
tetany.  It  might  be  expected  then  that  thoroughly  dialyzed  blood 
left  in  a  tetany  animal  would  become  richer  in  calcium  for  awhile, 
although  normal  blood  introduced  in  the  same  way  would  steadily 
lose  calcium  until  it  became  very  poor  indeed,  when  another  attack 
of  tetany  might  come  on,  as  in  dog  1,451. 

If  tetany  blood  be  dialyzed  under  exactly  the  same  conditions  as 
normal  blood,  it  still  loses  a  proportionate  amount  of  its  calcium, 
which  would  perhaps  show  that  it  is  not  especially  the  loss  of  a 
diffusible  calcium  as  contrasted  with  a  non-diffusible  form  which  is 
important  in  producing  tetany.  The  blood  of  dog  1,451  taken  dur- 
ing tetany  contained  0.0287  o^  ^  gram  of  calcium  per  1,000  cubic 
centimeters.  500  cubic  centimeters  dialyzed  for  5  hours  against 
12,000  cubic  centimeters  of  fluid  3  then  contained  0.0114  of  a  gram 
per  1,000  cubic  centimeters. 
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COXCLUSIONS. 

We  may  devise  a  fluid  containing  practically  all  the  inorganic 
diffusible  constituents  of  the  blood  except  calcium,  and  use  it  to 
dialyze  normal  blood  in  such  a  way  as  to  remove  from  it  a  large 
part  of  its  calcium.  The  dialyzed  blood  when  perfused  through  an 
isolated  extremity  produces  an  extreme  hyperexcitability  of  the 
nerves  quite  like  that  observed  in  tetany.  Since  perfusion  with 
blood  dialyzed  in  precisely  the  same  way  against  a  fluid  of  the 
same  composition,  but  containing  calcium  in  the  proportion  found  in 
the  normal  blood,  causes  no  hyperexcitability  of  the  nerves,  it  is 
evident  that  the  hyperexcitability  is  due  to  the  lack  of  calcium.  This 
effect  can  be  attained  in  only  a  slight  degree  by  replacing  the  blood 
of  a  whole  animal  with  the  dialyzed  blood,  since  under  the  condi- 
tions of  the  experiment  the  tissues  cannot  be  sufficiently  depleted 
of  their  calcium.  It  seems  probable  that  the  parathyroid  secretion 
is  not  removed  by  dialysis,  but  is  returned  to  the  body  with  the 
dialyzed  blood. 

To  bring  this  result  into  relation  with  the  condition  in  tetany 
following  parathyroidectomy,  animals  in  tetany  were  bled  and  the 
blood  was  replaced  in  one  case  with  normal  blood,  in  the  other  with 
dialyzed  blood  poor  in  calcium.  The  normal  blood  immediately 
relieves  the  tetany  and  lowers  the  excitability,  while  the  dialyzed 
blood  does  not.  A\'e  therefore  believe  that  this  is  a  further  proof 
that  in  the  tetany  of  parathyroidectomy  also  the  twitching  and 
hyperexcitability  of  the  nerves  is  due  to  lack  of  calcium  in  the  blood 
and  tissues. 


>7.    ./ 
[Reprinted  from  the  Journal  of  Experimental  Medicine,  Vol.  XX,  No.  4,  1914.] 

THE  ROLE  OF  THE  SPLEEN  IN  BLOOD  FORMATION.* 

By  DUDLEY  H.  MORRIS,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

\'arious  authors^  have  described  the  appearance  in  the  spleen  in 
the  course  of  chronic  anemias  of  abundant  cells  which  give  evidence 
of  the  new  formation  of  blood  in  that  organ  when  blood  formation 
is  greatly  needed  by  the  body.  These  cells  are  erythroblasts  and 
mononuclear  cells  of  various  sizes  which  become  very  abundant  in 
the  venous  sinuses.  The  same  cells  are  found  in  the  capillaries  of 
the  liver  and  occasionally  outside  them  in  the  periportal  tissues,  but 
not  in  great  numbers  in  the  circulating  blood. 

The  information  derived  from  attempting  to  estimate  the  change 
in  the  numbers  of  cells  in  such  an  organ  as  the  spleen  was  felt  to 
be  unsatisfactor}^  and  a  method  of  study  other  than  the  stain- 
ing of  sections  of  the  fixed  spleen  was  sought.  Without  any  knowl- 
edge of  previous  efforts  in  this  direction  it  was  thought  that  ac- 
curate counts  of  the  blood  leaving  the  spleen  by  the  splenic  vein 
when  compared  with  similar  counts  of  that  entering  by  the  splenic 
artery  should  give  a  clear  idea  of  the  activity  of  the  spleen  with 
respect  to  its  contribution  of  cells  to  the  blood.  Since  the 
completion  of  the  work  a  few  references  to  similar  studies  have 
been  found,  but  it  nevertheless  seems  that  a  detailed  statement  of 
the  result  of  these  counts  would  be  of  value,  especially  since  the 
method  which  is  so  useful  has  been  employed  by  hardly  any  mod- 
ern workers. 

*  Received  for  publication,  August  5,  1914. 

^  Bizzozero,  G..  and  Salvioli,  G..  Arch.  p.  le  sc.  mcd.,  1880,  iv,  49.  Meyer,  E., 
and  Heineke,  A.,  Verhandl.  d.  deutsch.  path.  Gesellsch.,  1906,  ix,  224;  Deutsch. 
Arch.  f.  klin.  Med.,  1907,  Ixxxviii,  435.  Morris,  R.  S.,  Bull.  Johns  Hopkins  Hasp., 
1907,  xviii,  200.  von  Domarus,  A.,  Arch.  f.  cvper.  Path.  u.  Pharmakol.,  1908, 
Iviii,  319.  Heinz,  R.,  Virchoivs  Arch.  f.  path.  Anal.,  1902,  clxviii,  501.  Jolly, 
J.,  and  Rossello,  H.,  Compt.  rend.  Soc.  de  biol.,  1909,  Ixvi,  40.  Schridde,  H., 
Centralbl.  f.  allg.  Path.  it.  path.  Anat.,  1908,  xix,  865.  Naegeli,  O.,  Ehrlich, 
P.,  and  Lazarus,  A.,  Die  Anaemie,  Vienna  and  Leipzig,  1909. 
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It  has  been  known  for  a  long  time  that  the  leucocytic  count  of 
the  blood  from  the  splenic  vein  exceeds  that  of  the  artery. 

Vierordt^  in  four  counts  made  on  an  executed  man  found  the  relation  of 
leucocytes  to  red  corpuscles  in  the  splenic  vein  to  be  I  :  49.  Hirt^  found  that 
in  the  calf  the  relation  was  i  :  60,  while  in  the  arterial  blood  it  is  i  :  2,200. 
Funke*  gives  this  relation  in  the  splenic  vein  as  i  :  4,  while  Frey=  calculated 
the  proportion  in  an  old  man  dead  of  pneumonia  as  i  :  102.  Riiidfleisch'' 
called  attention  to  the  richness  of  the  splenic  blood  in  leucocytes  especially  after 
a  meal.  Weidenreich"  undertook  counts  from  the  sinuses  of  the  spleen  and 
obtained  variable  results  inasmuch  as  some  of  them  contained  few  or  no 
leucocytes,  while  others  were  filled  with  them  doubtless  because  those  sinuses 
into  which  the  arterial  stream  enters  directly  will  contain  predominantly  red 
corpuscles  while  the  reverse  condition  will  obtain  where  the  lymph  channels 
enter.  As  a  mean  I  found  a  proportion  of  i  :  15.  If  we  take  the  relation 
in  the  artery  (following  Hirt)  as  I  :  2,200,  and  the  average  of  the  figures  from 
the  literature  as  i  :  30  it  is  seen  that  the  splenic  vein  contains  ahout  seventy 
times  as  many  leucocytes  as  the  efferent  artery.  Since  special  efferent  lymphatic 
channels  for  the  drainage  of  the  lymphocytes  of  the  spleen  have  been  shown 
not  to  exist,  the  cells  mu.st  be  discharged  into  the  vena  lienalis  which  thus 
contains  both  blood  and  lymph. 

Von  EbnerS  states  that  it  has  been  shown  that  the  blood  of  the  splenic  vein 
contains  an  uncommonly  large  number  of  white  corpuscles  and  that  the  site  of 
their  formation  is  the  splenic  tissue  itself  from  which  they  enter  through  the 
permeable  walls  of  the  venules.  Loewit^  studied  the  relation  of  leucocytes  of 
arterial  blood  and  splenic  venous  blood  in  the  guinea  pig  and  found  30  to  80 
times  as  many  leucocytes  in  the  venous  blood,  the  increased  proportion  being 
due  to  small  and  large  mononuclear  elements.  This  finding  is  not  obtained  in 
all  animals  probably  because  of  the  irregular  or  intermittent  discharge  of  the 
cells.  Certain  negative  results  of  Tarchanoff  and  Swaeni"  are  probably  due  to 
this  cause. 

The  cardinal  idea,  therefore,  in  the  present  study  was  to  ex- 
amine carefully  the  blood  entering  the  spleen  and  to  compare 
it  with  that  emerging  by  the  splenic  vein.     Any  differences  should 

^  Vierordt,  Arch.   f.   physiol.   Heilk.,   1854,   xiii,   259,  40S. 

^  Hirt,  E.,  Arch.  f.  Aiiat..  Physiol.,  u.  wisseiisch.  Med.,  1856,  174. 

■■  Funke,  O.,  Lehrbuch  der  Physiologic,  Leipzig,   1863,  i. 

'  Frey,  H..  Handbuch  der  Histologie  und  Histochemie  des  Menschen,  4th  edi- 
tion, Leipzig,  1874. 

■^  Rindfleiscli,  G.  E.,  Experimentclle  Studien  ueber  die  Histologie  des  Blutes, 
Leipzig,   1863. 

■  Weidenreich,  F.,  Arch.  f.   mikr.  Anat.,  1901,  Iviii,  247. 

*  von  Ebner.  V..  KoUikcrs  Handbuch  der  Cewebchhre.  1902.  iii,  276. 

'  Loewit,  M.,  Folia  HacmaloL,  1907.  iv,  473. 

^^  Tarchanoff,  J.,  and  Swaen,  A.,  Arch,  dc  phys'wl.  norm,  et  path.,  1875,  ii, 
series  2,  324. 
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represent  the  changes  produced  by  the  spleen.  Counts  were  made 
with  the  Thoma-Zeiss  apparatus  with  blood  from  the  splenic 
artery,  splenic  vein,  mesenteric  vein,  and,  for  purposes  of  control, 
from  a  peripheral  systemic  vein.  Smears  of  blood  were  also  made 
from  each  situation.  Rabbits,  cats,  and  dogs  were  studied,  some 
in  perfect  health,  others  suffering  from  spontaneous  or  artificially 
induced  disease.  Thorough  autopsies  were  made  in  each  case  and  the 
organs  studied  microscopically.  The  counts  were  made  in  the  u-ual 
way  but  with  the  most  scrupulous  attention  to  technical  accuracy  in 
e\ery  detail.  For  the  white  corpuscles  0.2  per  cent,  acetic  acid  was 
used  and  for  the  red  cells  fresh  Toison's  solution.  Differential 
counts  of  the  white  cells  were  made  in  all  cases  for  the  blood 
from  each  situation. 

In  securing  blood  from  the  splenic  artery  and  vein  considerable 
care  must  be  taken  to  have  a  dry  field  without  great  loss  of  blood 
in  the  earlier  steps  of  the  operation.  An  incision  from  the  midline 
along  the  left  costal  margin  to  the  axillary  line  was  found  to  give 
the  best  exposure,  after  which  the  assistant  could  elevate  the  spleen 
without  making  traction  upon  the  vessels,  by  lifting  up  the  stomach 
and  gently  drawing  the  spleen  forward  so  as  to  expose  the  hilum. 
Care  was  taken  not  to  handle  or  squeeze  the  spleen  so  as  to  force 
out  its  contents  artificially.  The  remaining  viscera  were  protected 
and  the  spleen  supported  by  warm  cloths  so  that  the  circulation  pro- 
ceeded normally.  The  blood  must  be  obtained  from  the  splenic 
vein  first,  as  interference  with  the  a:rterial  current  will  produce 
changes  in  that  of  the  veins,  while  the  venous  anastomosis  and  col- 
lateral trunks  are  so  numerous  that  occlusion  of  one  produces  no 
effect. 

Some  counts  were  made  from  blood  allowed  to  spurt  from  a 
puncture  in  the  vein,  but  since  this  hemorrhage  makes  it  difficult 
to  work  later  with  the  artery  it  was  found  advisable  to  put  on  two 
Carrel  clamps  and  make  the  puncture  between  them.  The  latter 
is  the  more  satisfactory  procedure  since  a  few  drops  only  may  be 
allowed  to  flow,  and  the  counts  do  not  differ  appreciably  from  those 
made  from  the  freely  flowing  blood. 

Ehrlich's  triacid  stain  after  fixation  by  heat  and  Jenner's, 
\\'right's,  and  Giemsa's  stains  after  methyl  alcohol  fixation  were 
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used  for  the  differential  counts.     Prolonged  staining  with  diluted 
Giemsa's  stain  gave  good  results. 

The  experiments  showed  that  the  blood  of  the  splenic  vein  dif- 
fers remarkably  from  that  of  the  artery  not  only  in  the  character 
of  its  cells  but  in  their  number,  and- this  difference  was  found  to 
exist  also  between  the  blood  of  the  splenic  vein  and  that  of  a 
peripheral  systemic  vein. 

These  differences  may  be  summed  up  as  follows : 
(i)   The  number  of  red  corpuscles  per  cubic  millimeter  in  the 
blood  of  the  splenic  vein  is  greater  than  in  that  of  the  arter}'. 

(2)  Similarly  the  number  of  white  corpuscles  in  the  venous 
blood  is  greater  than  in  the  arterial  blood. 

(3)  The  character  and  proportion  of  the  several  varieties  of 
white  corpuscles  is  dififerent  in  the  splenic  vein  from  what  is  found 
in  the  artery.  Large  mononuclear  leucocytes  appear  in  great  excess 
there. 

(4)  The  blood  of  the  splenic  vein  contains  more  perfect  and 
larger  red  corpuscles  than  that  of  the  artery  and  they  seem  richer 
in  hemoglobin. 

(5)  The  blood  of  the  inferior  mesenteric  veins  differs  from 
that  of  the  splenic  vein  in  being  relatively  richer  in  small  mononu- 
clear cells  and  poorer  in  the  large  mononuclears. 

In  the  tabulated  and  detailed  results  given  below  (table  I)  these 
differences  are  more  definitely  brought  out.  It  will  be  noted  that 
the  counts  made  from  the  ear  vein  and  splenic  artery  of  the  same 
animal  correspond  very  closely,  as  would  be  expected,  while  a 
marked  difference  was  always  found  when  blood  was  taken 
from  the  splenic  veins. 

It  will  be  seen  from  table  I  that  when  the  autopsy  showed  the 
animals  operated  on  to  be  normal  the  results  were  invariably  the 
same.  There  were  always  more  red  and  white  cells  in  the  splenic 
veins  than  could  be  found  in  an}'  of  the  other  vessels.  Frequently 
this  excess  of  corpuscles  rose  to  such  a  degree  that  there  were  twice 
as  many  red  or  white  cells  coming  out  as  going  into  the  spleen. 
That  the  e.xcess  of  white  cells  should  be  mainly  of  the  mononuclear 
variety  was  to  be  expected.  But  there  occurred  a  further  note- 
worthv  fact,  namelv,  that  these  mononuclears  were  mainlv  of  the 
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TABLE   I. 


..,_,,,                      _         .      ,     Splenic         Splenic 
Animal..        Blood  count.           Ear  vein.        arten-.             vein. 

Inferior  mesen- 
teric vein. 

Autopsy. 

Rabbit  Red  blood  count    5,400,000    5,200,000    6,700.000 

Small    nodule   of 

I       White  blood          1         4,000  !         4,000           9,400 

coccidiosis     in 

count 

li\.'er,  otherwise 

Polynuclears               60%            61% 

32% 

normal. 

Mononuclears             40%       ]      39% 

68% 

Rabbit  Red  blood  count    5,900.000  [  5,700,000    8.600.000 

All  organs  appear 

2       White  blood                 10,600         10,000         25.600 

normal . 

count 

iPolynuclears               47% 

49%       1      20% 

!  Mononuclears            S3  % 

SI% 

80% 

Rabbit  Red  blood  count    4.600,000 

4,560,000 

5,360.000 

Young       rabbit. 

3       White  blood 

5.200 1         5,000 ,        13,600 

normal. 

count 

Polynuclears 

30  to  32  % 

30  to  32% 

iS  to  20% 

Mononuclears 

68  to  70% 

68  to  70%  80  to  82% 

Rabbit 

Red  blood  count 

Not    done 

5,280.000 

6,800,000 

Lactating  rabbit. 

4 

White  blood 
count 

9,800 

9,400 

4.600 

Portal  vein 

Marked  coccid- 
iosis   in    liver. 

Polynuclears 

38% 

36% 

10% 

32% 

Soleen      small. 

Mononuclears 

62% 

64% 

90% 

68% 

shrunken,  and 
dark  red. 

Dog 

Red  blood  count 

5,280,000 

5,280.000  I  6,640,000 

Normal. 

I 

White  blood 
count 

17.000 

16,400 

34.400 

16,400 

Polynuclears 

90% 

85% 

70% 

Mononuclears 

10% 

15% 

30% 

Dog 

Red  blood  count 

4.500.000    4,320,000    6,600,000 

Normal. 

2 

\\'hite  blood 
count 

6.900 

7,000 

14,800 

10,600 

Polynuclears         1      6i  % 

60% 

44% 

45% 

Mononuclears       |      39%            40% 

56% 

55% 

Large 

mononuclears 

47% 

10% 

Small 

mononuclears 

9% 

45% 

Dog 

Red  blood  count 

5,900.000    5,800.000  j  7,240.000 

All    organs    nor- 

3 

White  blood 
count 

19.700         19.700  j       19,900 

mal. 

Dog    Red  blood  count 

4,200,000 

4,100.000    6,500,000 

All    organs    nor- 

4      White  blood 

20,000 

20,000         25.000 

mal. 

count 

Polynuclears 

80% 

81%            70% 

Mononuclears 

20% 

19%            30% 

Large 

mononuclears 

12% 

12%      1      24% 

Cat     Red  blood  count 

4,400,000  1  9,120,000 

Apparently    nor- 

I      White  blood 

iS.ooo        44,000 

mal. 

count 

'Polynuclears 

75%            30% 

(Mononuclears 

25%            70% 
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TABLE    I. — Continued. 


Animal. 

Blood  count. 

Ear  vein. 

Splenic 
artery. 

Splenic 
vein. 

Inferior  mesen- 
teric vein. 

Autopsy. 

Cat     Red  blood  count 

9,600,000 

13,104,000 

9,440,000 

All  organs  appar- 

2      White  blood 

89,400 

137,200 

89,400 

ently      normal 

count 

e.\cept     spleen 

Polynuclears 

75% 

74% 

75  % 

which     is     en- 

[Mononuclears 

25% 

26% 

25  % 

larged  to  about 

iLarge         mono- 

4  times  its  nor- 

nuclears 

25% 

25% 

20  % 

mal  size  and  is 

Small         mono- 

very    mottled 

nuclears 

0 

1% 

5% 

on      cross-sec- 
tion,    due     to 
tremendously 
enlarged    Mal- 
pighian  bodies. 

Two  accessory 

spleens        pre- 

senting    same 

structure. 

Microscopical  Ex- 

amin  ation. — 

Enormously 

enlarged       fol- 

licles.     Active 

mitoses.    Huge 

mononuclear 

cells. 

Cat     Red  blood  count 

7,280,000 

11,200,000 

Spleen      appears 

3      [White  blood 

26,000 

13.500 

26,000 

normal  in  size. 

j     count 

color,       shape, 

.Polynuclears 

iS% 

40% 

19% 

and    cross-sec- 

Mononuclears 

82% 

60% 

81% 

tion.          Liver 

Large 

• 

normal.        All 

mononuclears 

11% 

50% 

9% 

other      organs 

Small 

except    mesen- 

mononuclears 

71% 

10% 

72% 

teric        lymph 
nodes  are  nor- 
mal.      Mesen- 
teric       lymph 
nodes     especi- 
ally in  duode- 
nal region  are 
enormouslj' en- 
larged,      firm, 
and        matted 
together         in 
places.     .  Dark 
red     in     color. 
Micrqscopical  Ex- 
amin  ation. — 
Sections         of 
lymph      nodes 
show     tremen- 
dous    enlarge- 
ment   of    ger- 
minal   centers. 
Long     rod-like 
bacilli  in  mar- 
ginal     sinuses. 
Sections         of 
spleen          and 

liver      normal. 
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Animal. 


Blood  count. 


Left 

veniricle. 


Right 
auricle. 


Splenic 
vein. 


Portal  vein. 


Autopsy. 


Received  intraperitoneal  inoculation  of  virulent  paratyphoid  culture  24  hrs.  previously. 


Rabbit  Red  blood  count 

4,300,000 

6,240,000 

Peritonitis.      Fo- 

5 

White  blood 
count 

450 

7.500 

cal  necroses  in 
liver.        Large 

Polynuclears 

40% 

12% 

88% 

mitotic  cells  in 

Mononuclears 

60% 

88% 

12% 

spleen,  espe- 
cially at  mar- 
gins of  follicles. 

large  variety,  whereas  those  coming  from  the  adenoid  tissue  of  the 
intestines  and  mesenteric  nodes  were  mainly  of  the  small  variety. 
The  significance  of  this  was  clearly  shown  in  cat  3,  where  the  white 
cells  coming  from  the  spleen  were  found  to  be  only  half  as  nu- 
merous as  in  the  peripheral  circulation  and  in  the  inferior  mesen- 
teric vein.  The  autopsy  showed  the  reason  for  this.  The  spleen 
was  unchanged  and  discharged  its  normal  quota  of  large  mono- 
nuclears into  the  blood  stream ;  but  the  adenoid  tissue  in  the  mesen- 
tery was  enormously  hypertrojihied  and  was  discharging  great  num- 
bers of  small  lymphocytes  into  the  circulation.  Microscopic  sections 
showed  the  efferent  vessels  of  these  nodes  to  be  packed  with  small 
mononuclears. 

One  of  tJ^e  most  striking  evidences  of  splenic  blood  formation 
was  that  of  cat  2,  in  which  13,000,000  red  cells  and  137,000  white 
cells  per  cubic  millimeter  were  found  in  the  splenic  vein  as  against 
about  two  thirds  of  that  number  in  the  peripheral  circulation.  The 
reason  for  this  at  once  became  apparent  on  examination  of  the  spleen 
itself.  There  was  an  enormous  hyperplasia  of  the  organ,  and  the 
germinal  centers  on  microscopical  section  showed  very  active  pro- 
duction of  large  mononuclears.  There  were  furthermore  two  ac- 
cessory spleens.  The  organs  elsewhere  were  normal  and  the  cat 
seemed  in  good  health. 

Another  marked  instance  of  the  difference  between  splenic  and 
portal  corpuscular  content  was  seen  in  dog  2,  in  which  the  propor- 
tions of  large  and  small  mononuclears  were  almost  exactly  the 
reverse  in  the  two  veins. 

Most  interesting  were  the  results  in  rabbit  5,  which  had  been 
previously  inoculated  with  a  rather  virulent  strain  of  paratyphoid 
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bacillus.  This  strain  in  rabbits  causes  a  marked  leucopenia  in  the 
systemic  vessels  as  a  constant  feature  following  inoculation.  But 
the  remarkable  thing  was  that  although  this  leucopenia  had  reached 
such  a  grade  that  the  heart's  blood  contained  only  450  white  blood 
cells  to  the  cubic  centimeter  the  spleen  still  kept  discharging  leuco- 
cytes at  a  rate  of  7,500  per  cubic  centimeter,  a  perfectly  evident  effort 
at  compensation  for  the  loss  in  the  general  blood  stream. 

These  results  all  point  to  the  inevitable  conclusion  that  the 
spleen  is  a  blood-forming  organ  of  prime  importance  in  the  animal 
metabolism.  The  fact  that  the  organ  can  be  extirpated  without 
causing  death  or  even  considerable  detriment  to  the  animal  organ- 
ism does  not  militate  against  this  conclusion.  Other  organs  (hemo- 
lymph  nodes,  bone  marrow,  and  adenoid  tissues  in  general)  may 
assume  part  of  the  role  of  the  spleen  when  this  is  absent,  but  only 
the  severity  of  the  blood-destroying  agent  and  the  individual  resist- 
ance can  determine  whether  the  body  can  stand  the  strain  when 
deprived  of  the  spleen.  Cases  of  death  from  removal  of  the  mala- 
rial spleen  indicate  this  strongly.  And  this  same  individual  variation 
will  doubtless  account  for  the  discrepancy  in  the  results  obtained 
by  different  observers  regarding  the  importance  of  the  spleen  in 
the  animal  economy. 

In  closing,  I  desire  to  express  my  gratitude  to  Dr.,  William  G. 
MacCallum  for  his  interest  in  this  work. 


[Reprinted  from  the  Journal  of  Experimental  Medicine,  Vol.  XX,  No.  4,  1914.] 


THE  RELATION  OF  BACTERIOLYSIS  TO  PROTEOLYSIS. 

Studies  on  Ferment  Action.     XVL* 

By  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN,  M.D. 

{From  the  Deparimcnt  of  Pathology  of  the  ColNge  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

The  relation  of  the  proteol3-tic  ferments  of  serum  to  immunity  re- 
actions, particularly  to  bacteriolysis,  has  interested  several  inves- 
tigators, and  in  view  of  the  recent  work  of  Abderhalden  and  his 
collaborators  it  merits  attention  quite  apart  from  a  theoretical  con- 
sideration. The  study  of  possible  proteolytic  cleavage  during  bac- 
teriolysis, has,  because  of  the  manifest  technical  difficulties  entailed 
by  the  accurate  determination  of  nitrogen  in  the  small  amounts 
available,  been  limited  to  rather  general  statements,  based,  in  most 
instances,  on  experiments  carried  out  with  the  Sorensen  method. 
This  method,  being  an  index  of  the  total  cleavage  of  the  protein 
molecule,  gives  no  information  of  the  change  from  coagulable  to 
non-coagulable  forms,  and  is  therefore  of  use  in  estimating  peptoly- 
tic  or  ereptic  enzyme  activity  rather  than  proteolytic  changes.  For 
a  like  reason  it  represents  the  splitting  of  the  protein  bodies  to  non- 
toxic fragments  in  contradistinction  to  the  splitting  of  the  whole 
non-toxic  protein  molecule  to  the  higher  non-coagulable  but  toxic 
forms  (proteoses).  Since  the  microchemical  methods  devised  by 
Bang  (i)  and  Folin  (2)  were  described  there  are  available  no  ex- 
periments dealing  with  this  subject,  and  we  have  therefore  under- 
taken the  following  experiments  using  the  Folin  method,  which  lends 
itself  admirably  to  work  of  this  kind. 

The  bactericidal  and  bacteriolytic  property  of  fresh  serum  due 
to  the  action  of  complement  and  amboceptor  has  been  assumed, 
more  particularly  by  French  and  German  writers,  to  be  enzymotic 
in  character  and  in  the  nature  of  a  protease.  There  is,  however,  no 
experimental  basis  for  this  idea;  indeed  the  fact  that  complement 

*  Received  for  publication,  July   13.   1914. 
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action  is  not  identical  with  a  protease  action  can  be  demonstrated 
in  a  very  simple  experiment.  When  chloroform  is  added  to  fresh 
serum  and  thoroughly  mixed,  the  complement  is  very  rapidly  de- 
stroyed; the  serum  protease,  however,  first  becomes  active  under 
these  conditions  (Delezenne  and  Pozerski  (3)).  The  activation 
under  the  influence  of  chloroform  or  other  lipoid  solvents  is  due  to 
the  fact  that  the  anti ferment  is  removed  in  this  way.  There  should 
therefore  be  no  confusion  as  to  the  non-identity  of  these  serum 
constituents.  If  complement  activity  is  enzymotic  in  character,  we 
should  rather  seek  to  identify  it  with  the  lipases  or  allied  enzymes. 
Thus  the  objection  made  that  complement  acts  in  direct  proportion 
to  the  concentration,  and  is  therefore  unlike  other  ferments,  fails  in 
view  of  the  fact  that  serum  esterase  acts  in  a  like  manner  (Loeven- 
hart  (4)).  And  the  ease  with  which  lipoid  solvents  inactivate  the 
complement  finds  an  analogy  in  plant  lipases  which  are  either  de- 
stroyed b}'  lipoidal  solvents  or  are  in  such  intimate  relation  to  the 
lipoids  that  they  are  taken  up  with  them  into  the  solvent.  The 
substrate  offered  for  complement  action — red  blood  cells,  animal 
cells,  bacteria — is  lipoidal  in  nature,  the  potentially  lipoidal  char- 
acter of  the  limiting  membranes  of  the  corpuscles  and  animal  cells 
being  well  established  and  rendered  more  than  probable  for  bacte- 
rial cells.  The  fact  that  powerful  proteolytic  enzymes  are  without 
effect  on  such  substrata  is  almost  conclusive  evidence  that  the  sur- 
faces of  these  substrata  are  not  protein  in  nature.  An  observation 
of  Metchnikoff  (5)  is  significant  in  this  connection.  Metchnikoff, 
noting  that  the  intestinal  tract  of  certain  insects  (moths)  was  free 
from  bacteria,  an  exception  to  the  condition  found  in  other  insects, 
concluded  that  these  insects  must  secrete  a  powerful  fat-splitting 
enzyme  to  enable  them  to  utilize  waxes  and  fats  readily,  and  sur- 
mised some  connection  between  the  character  of  this  intestinal  secre- 
tion and  the  freedom  from  bacteria. 

EXPERIMENTAL. 

The  experiments,  designed  to  determine  the  amount  of  proteo- 
lysis occurring  during  bacteriolysis,  were  carried  out  in  the  follow- 
ing manner.  The  organisms  used,  Bacillus  coll,  Bacillus  typhosus, 
and  staphylococci,  were  grown  on  agar  in  large  bottles.     They  were 
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washed  repeatedly  with  salt  solution  and  used  as  fresh  emulsions,  or 
dried  at  low  temperature  and  made  up  in  a  i  per  cent,  emulsion  as 
used.  In  either  case  the  total  nitrogen  and  the  total  non-coagulable 
nitrogen  per  cubic  centimeter  of  the  emulsion  were  determined  for 
several  samples.  Immune  sera  were  obtained  by  bleeding  rabbits 
when  the  blood  contained  the  greatest  concentration  of  immune 
bodies.  The  immune  sera  so  obtained  were  kept  without  preserva- 
tives on  ice  and  were  inactive.  Fresh  guinea  pig  serum  was  used  as 
complement. 

One  cubic  centimeter  of  the  bacterial  emulsion  was  measured  into 
small  centrifuge  tubes,  the  various  sera  were  then  added,  and  diges- 
tion was  permitted  at  2>7°  C.  under  toluol  for  varying  periods  of 
time.  The  tubes  were  then  thoroughly  centrifuged  until  the  super- 
natant fluid  was  clear.  The  fluid  was  carefully  pipetted  from  the 
bacteria,  these  were  washed  once  with  salt  solution,  and  the  fluid 
was  added  to  that  already  withdrawn.  The  total  nitrogen  of  the 
bacterial  rest  was  then  determined  and  also  the  total  non-coagulable 
nitrogen  of  the  supernatant  fluid.  The  difference  between  this 
latter  figure  and  the  amount  of  total  non-coagulable  nitrogen  in  the 
serum  controls  gives  the  amount  of  nitrogen  which  has  autolyzed, 
i.  c,  the  bacterial  nitrogen  digestion.  The  difference  between  the 
total  nitrogen  of  the  bacteria  originally  introduced  and  the  amount 
recovered  indicates  the  amount  of  bacteriolysis. 

In  using  the  relatively  large  amounts  of  organisms  necessitated 
by  the  character  of  the  work,  the  amount  of  serum  is  by  com- 
parison small,  but  the  bacteriolytic  effect  is  in  most  cases  quite  evi- 
dent by  the  greater  loss  of  bacterial  nitrogen  in  the  tubes  containing 
the  immune  serum  and  complement. 

The  work  has  been  carried  out  in  duplicate  and  in  some  instances 
four  or  more  determinations  were  made  on  corresponding  mixtures. 
For  the  sake  of  brevity  the  protocols  have  been  condensed  and  show 
only  single  determinations.  The  variations  were  seldom  greater 
than  a  few  hundredths  of  a  milligram.  The  figures  indicated  in 
the  protocols  express  nitrogen  in  milligrams. 

In  numerous  experiments  the  bacterial  rests  remaining  after 
serum  treatment  were  digested  by  trypsin  after  determinations  on 
similar  mixtures  showed  the  amount  of  substrate  remaining.     The 
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per  cent,  of  digestion  was  determined  by  carefully  acidifying  and 
boiling  and  filtering  through  kaolinized  hard  paper  filters  to  remove 
the  coagulated  protein.  The  solution  of  trypsin  used  was  pre- 
pared each  time  from  a  dried  preparation  and  used  in  such  dilution 
that  O.I  of  a  cubic  centimeter  of  the  solution  would  digest  two  cubic 
centimeters  of  a  i  per  cent,  casein  solution  in  two  hours.  Protocol 
I  will  serve  as  an  example  of  such  an  experiment. 

PROTOCOL  I— A. 

Autolysis  in  Physiological  Salt  Solution.     Relation  of  Solution  of 
Bacteria  to  Autolysis. 


J.- 

Typhoid 
bacilli. 

Colon 
bacilli. 

Total  nitrotren  in  super- 
natant fluid  after 

Total  non-coagulable 

nitrogen  in  supernatant 

fluid  after 

24  hrs.            48  hrs. 

24  hrs. 

48  hrs. 

I 

1.0 'c.c. 
I  0  c  c. 

0.37  mg. 

1  Solution, 

2 

0.6  mg. 

1 

3 

4 

5 
6 

1 

0.2  mg. 

1  Autolysis, 

1.0  c.c. 
1.0  c.c. 
1.0  c.c. 

0.57  mg. 

0.8  ragT 

\ 

0.35  mg 

0.^  nisi'. 

\  Autolj'sis. 

s 

1.0  c.c. 

Fresh  typhoid  and  colon  bacilli  were  used.  The  typhoid  emul- 
sion contained  1.65  milligrams  of  total  nitrogen  and  0.25  of  a 
milligram  of  total  non-coagulable  nitrogen  per  cubic  centimeter. 
The  colon  emulsion  contained  2.80  milligrams  of  total  nitrogen  and 
0.38  of  a  milligram  of  total  non-coagulable  nitrogen  per  cubic  centi- 
meter. Bacteria  were  permitted  to  autolyze  in  salt  solution  over 
night  (tubes  3  to  6)  ;  with  immune  colon  serum  and  fresh  com- 
plement (tubes  7  to  10)  ;  with  complement  alone  (tubes  11  and  12)  ; 
and  with  immune  colon  serum  alone  (tubes  13  and  14).  The  total 
non-coagulable  nitrogen  in  the  sera  used  is  shown  in  tubes  14  and 
15,  and  these  amounts,  viz.,  0.417  -\-  0.207  ^  0.624  of  a  milligram, 
0.417  -\-  0.02  =  0.437  of  a  milligram  are,  of  course,  to  be  deducted 
from  the  digestion  mixtures.  A  parallel  series  of  tubes  was  prepared, 
serum  action  permitted  for  an  equal  length  of  time,  the  bacteria 
washed  and  subjected  to  tryptic  digestion  for  six  hours. 

It  is  apparent  in  observing  the  results  obtained  that  the  greatest 
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loss  of  bacterial  nitrogen  has  occurred  in  the  mixtures  with  colon 
bacilli,  colon  immune  serum,  and  complement,  indicating  a  marked 
lysis  of  these  bacteria.  There  is,  however,  no  corresponding  in- 
crease in  non-coagulable  nitrogen  obtained  in  the  supernatant  fluid, 
the  amount  so  recovered  in  the  i.o  and  o. i  cubic  centimeter  dilutions 
of  immune  serum  being  respectively  0.375  of  2.  milligram  and  0.363 
of  a  milligram,  corresponding  very  well  with  the  amount  of  non- 
coagulable  nitrogen  introduced  originally  with  the  bacteria,  0.38  of 
a  milligram,  and  representing  only  a  trace  more  than  the  amount  re- 
covered in  the  salt  solution  control  (tube  4).  There  is  obviously 
no  relation  here  between  the  amount  of  lysis  and  the  actual  proteo- 
lysis. It  is  interesting  to  note  that  the  greatest  lysis  of  typhoid 
bacilli  occurred  in  the  mixture  containing  complement  alone,  al- 
though here,  too,  there  is  no  corresponding  increase  in  non-coagu- 
lable nitrogen.  When  the  bacterial  residues  are  digested  by  trypsin 
the  percentage  of  digestion  is  found  to  be  considerably  less  in  all  the 
tubes  treated  with  serum  than  in  the  untreated  controls  (tubes  5  and 
6),  with  the  exception  of  the  bacteria  treated  with  immune  serum 
(tubes  9  and  14).  We  have  previously  shown  (6)  that  bacteria 
treated  with  normal  serum  become  more  resistant  to  tryptic  diges- 
tion, because  of  their  adsorption  of  serum  antitrypsin. 

In  protocol  I-A  is  shown  the  rate  of  sohition  and  of  autolysis  of 

PROTOCOL  II. 

Action  of  Typhoid  Immune  Serum  and  Complement  on   Typhoid  Bacilli. 
No  Demonstrable  Proteolysis. 


Ty- 
phoid 
bacilli. 


1.0  c.c. 
1.0  c.c. 


1.0  c.c. 
1.0  c.c. 


Immune 
serum. 


Comple- 
meDt. 


Bacterial 
nitrogen 
recovered. 


Loss. 


Total 
nitrogen  in 
supernatant 

fluid.     . 


Gain  in 

total 
nitrogen. 


Total  non- 
coagulable 
nitrogen  in 
supernatant 
fluid. 


Gain  in 
non-coag- 
ulable 
nitrogen. 


Total  nitrogen  =  i.i  mg.,  total  non-coagulable  nitrogen  =  0.16  mg.  per  c.c. 


Autolysis  in 
sodium  car- 
bonate 
solution 
1.0  c.c. 


0.1  c.c. 
0.1  c.c. 


1.0  c.c. 


0.1  c.c.  1.0  c.c. 


0.66  mg. 

0.83  mg. 
0.83  mg. 


0.44  mg. 


0.27  mg. 
0.27  mg. 


0.43  mg. 


7  (-6.7) 
mg. 


6.7  mg. 


0.3  mg. 


0.17  mg. 


O-SS 
(-0.39) 
mg. 

0.39  mg. 


0.16  mg. 
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these  organisms  when  kept  in  saU  sohition  at  37°  C.  under  tohiol. 
While  solution  has  occurred  in  both  cases,  tlie  autolysis  is  not  equally 
rapid ;  indeed  it  did  not  occur  at  all  in  the  typhoid  emulsion  in  this 
case. 

In  protocol  II  a  typhoid  system  was  used,  with  fresh  typhoid 
bacilli  and  typhoid  immune  serum.  The  total  nitrogen  per  cubic 
centimeter  was  i.i  milligrams;  the  total  non-coagulable  nitrogen 
was  0.16  of  a  milligram  per  cubic  centimeter.  Mixtures  were  made 
as  usual,  the  reaction  in  this  case  being  made  distinctly  alkaline  to 
phenolphthalein,  the  control  being  placed  in  a  sodium  carbonate 
solution  of  equal  alkalinity.  The.  control  lost  0.44  of  a  milligram 
of  bacterial  nitrogen,  0.43  of  a  milligram  being  recovered  from 
the  supernatant  fluid,  of  which  0.17  of  a  milligram  was  non-coagu- 
lable, indicating  a  lysis  without  proteolysis  in  the  control.  It  will 
be  recalled  that  autolytic  enzymes  in  general  act  best  in  a  slightly 
acid  medium.  In  the  immune  serum  (tubes  3  and  4)  there  has  been 
less  lysis  than  in  the  alkaline  control  (loss  of  0.27  of  a  milligram), 
and  while  this  amount  was  recovered  in  the  increase  in  total  nitrogen 
in  the  supernatant  fluid  (0.3  of  a  milligram),  the  non-coagulable 
nitrogen  had  not  increased  (0.16  of  a  milligram).  It  is  quite 
apparent  that  the  solution  of  the  bacteria,  due  in  one  case  to  the 
alkalinity  of  the  fluid  (tube  2),  in  the  other  to  the  lytic  effect  of 
the  serum  complement  and  immune  body  (tubes  3  and  4),  is  not 
accompanied  by  proteolysis. 

If  we  permit  the  action  of  the  immune  serum  and  complement 
on  the  bacteria  for  a  shorter  period  of  time  (4  hours  at  37°  C), 

PROTOCOL  III. 

Action  of  Typhoid  Immune  Serum  and  Complement  on  Typhoid  Bacteria. 
Absence  of  Proteolysis  after  4  Hours'  Incubation. 


•3  ° 


Typhoid 

bacilli. 


Typhoid 
immune 
serum. 


Complement. 


Bacterial 
nitrogen 
recovered. 


Loss. 


Gain  in  non- 
coagulable 
nitrogen 


I.O  C.C. 
I.O  C.C. 
1.0  C.C. 
I.O  C.C. 
I.O  C.C. 

I.O  C.C. 


Total  nitrogen  =  1.42  mg.,  total  non-coagulable  nitrogen  = 


0.0  C.C. 
0.0  C.C. 
1.0  C.C. 
O.I  C.C. 
O.OI  C.C. 


0.0  C.C. 

I.O  C.C. 
I.O  C.C. 
I.O  C.C. 
I.O  C.C. 


Autolysis 


2    mg. 

2    mg. 

28  mg. 

25  mg. 

28  mg. 

0.22  mg. 
0.22  mg. 
0.14  mg. 
0.17  mg. 
0.14  mg. 


0.2  mg.  per  c.c. 
0.15  mg. 
0.135  mg. 
0.07  mg. 
0.13  mg. 
0.125  mg. 
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which  is  ample  for  the  bactericidal  effect  of  the  serum  even  if  not 
for  actual  bacteriolysis,  there  is  practically  no  loss  in  bacterial  nitrogen 
and  no  increase  in  non-coagulable  nitrogen.  As  a  matter  of  fact, 
there  is  much  less  splitting  in  the  tube  containing  the  greatest  amount 
of  antibody  (tube  4,  protocol  III). 

The  fact  that  complement  alone  has  no  appreciable  proteolytic 
effect  even  when  bactericidal  is  shown  clearly  in  protocol  IV,  in 


PROTOCOL  IV. 
Effect  of  Complement  on  Colon  Bacilli.    No  Resulting  Proteolysis. 


•2  ° 


Colon    Comple-i    Reaction, 
bacilli,      ment. 


Bacterial 

nitrogen 

recovered. 


I.O  c.c. 
i.o  c.c. 
1.0  c.c. 
1.0  c.c. 
1.0  c.c. 


Total  nitrogen  =  0.9  mg.  per  c.c. 


1.0  c.c. 
1.0  c.c. 
1.0  c.c. 


Acid 
Alkaline 
Acid 
Alkaline 


0.39  mg. 
0.39  mg. 
0.56  mg. 
0.44  mg. 


0.51  mg. 
0.51  mg. 
0.34  mg. 
0.44  rag. 


Total  nitro- 
gen re- 
covered in 
supernatant 
fluid. 


0.5  mg. 
0.5  mg. 


Total  non-coagu- 
lable nitrogen  in 
supernatant  fluid. 


Gain  in 

non-coag- 

ul.ible 


0.17  mg. 

0.15  mg. 

0.45(-0.23)  mg.'o.22  mg. 
0.3  (—0.23)  mg.'O.o?  mg. 
0.23  mg. 


which  dried  colon  bacilli  were  used.  Dried  organisms  are,  as  a  rule, 
more  easily  digested  by  trypsin  than  freshly  killed  organisms,  pos- 
sibly due  to  alterations  in  the  physical  state  of  the  external  limiting 
membrane  of  the  organisms.  The  bacillary  emulsion  contained  0.9 
of  a  milligram  of  total  nitrogen  per  cubic  centimeter,  ^\'hen  permit- 
ted to  autolyze  in  salt  solution,  both  acid  and  alkaline  in  reaction,  the 
solution  of  the  organisms  was  quite  marked,  only  0.39  of  a  milli- 
gram remaining  after  twenty-four  hours.  The  total  dissolved  nitro- 
gen recovered  from  the  supernatant  fluid  was  0.5  of  a  milligram,  of 
which  0.17  of  a  milligram  was  non-coagulable.  When  treated  with 
fresh  guinea  pig  complement  the  lysis  was  not  so  marked,  being 
greatest  in  the  tubes  with  an  alkaline  reaction ;  the  proteolysis,  on  the 
other  hand,  was  greatest  in  an  acid  reaction.  The  increase  of  0.05 
of  a  milligram  over  the  amount  in  the  control  has.  however,  no 
significance,  for  such  conditions  never  occur  in  the  living  animal. 
In  studying  the  effect  of  varying  amounts  of  the  antibody  on  the 
bacteria  and  their  consequent  resistance  to  tryptic  digestion,  we  have 
at  various  times  obser\-ed  that  bacteria  treated  with  the  largest 
amount  of  antibody  became  more  resistant  to  the  action  of  trypsin, 


James  W.  Jobling  and  WiUiam  Petersen. 


329 


thus  in  a  measure  simulating  the  Neisser-Wechsberg  phenomenon. 
Such  an  experiment  is  shown  in  protocol  V. 

PROTOCOL  V. 

Effect  of  Trypilc  Digestion  on  Organisms  Treated  with  Varying  Amounts  of 
Specific  and  Non-Specific  Immune  Scrum  and  Complement. 


■e  6 


Typhoid 
bacilli. 


Staphylo- 
cocci. 


Typhoid 
immune 
serum. 


Com- 
plement. 


Trypsin. 


Tryptic 
digestion. 


3 

4 

5 
6 
7 
8 

9 

10 

II 

12 


I.O  C.C. 
I.O  C.C. 
1.0  C.C. 
I.O  C.C. 


Total  nitrogen  =  1.4  mg.. 
total  non-coagulable  nitrogen  =  0.07  mg.  per  c.c. 

j  Total  nitrogen  =  0.715  mg., 

total  non-coagulable  nitrogen  =  0.16  mg.  per  c.c. 


3.0    c.c.  i    0.3  c.c. 

I.O    c.c.  0.1  c.c. 

0.1    c.c.  I    0.1  c.c. 
o.oi  c.c. 


I.O  c.c.  I  3.0    c.c. 

1.0  c.c.  I  I.O    c.c. 

I.O  c.c.  !  O.I    c.c. 

I.O  c.c.  O.OI  c.c. 


0 

I 

c.c. 

0 

3 

C.C.     1 

0 

I 

c.c.    1 

0 

I 

c.c. 

0 

I 

c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 


0.625 
0.15 


mg. 


0.54  mg. 

0.625  mg. 

0.65  mg. 

0-55  mg. 

0.13  mg. 

0.20  mg. 

0.24  mg. 

0.16  mg. 


-6% 


+2% 
-5% 

-3% 
+7% 
+12% 
+1% 


In  this  experiment  an  emulsion  of  fresh  typhoid  bacilli,  total  nitro- 
gen 1.4  milligrams,  and  fresh  staphylococci,  total  nitrogen  0.715  of  a 
milligram,  were  used,  permitted  to  remain  with  typhoid  immune 
serum  and  complement  for  sixteen  hours  at  37^  C,  and  then 
washed  and  digested  with  o.i  of  a  cubic  centimeter  of  trypsin  solu- 
tion. In  the  controls  the  typhoid  digestion  was  0.625  of  a  milli- 
gram, staphylococci  digestion  0.15  of  a  milligram.  It  will  be  noted 
that  with  three  cubic  centimeters  of  the  immune  serum  there  was  6 
per  cent,  less  digestion  than  in  the  control ;  with  one  cubic  centimeter 
an  equal  amount;  with  o.i  of  a  cubic  centimeter,  a  slight  increase; 
while  with  0.0 1  of  a  cubic  centimeter,  there  was  a  drop  to  an 
amount  less  than  the  control.  This  action  was  not  specific,  for 
when  staphylococci  and  the  typhoid  immune  serum  were  used  a 
similar  and  even  more  pronounced  result  was  obtained.  We  are 
inclined  to  attribute  this  result  to  the  adsorption  b}'  the  bacteria  of 
lipoids  from  the  serum,  which,  if  sufficient,  as  when  larger  amounts 
of  serum  are  permitted  to   act,   will  protect   the   bacteria   from 
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tryptic  digestion,  and  overcome  the  alteration  produced  by  the  im- 
mune body  which  under  ordinary  circumstances  seems  to  render 
the  bacterial  body  less  resistant  to  trypsin. 

In  order  to  avoid  the  presence  of  an  excess  of  antibody  we  have 
sensitized  bacteria  with  immune  serum.  They  were  then  washed, 
treated  with  complement,  washed  again,  and  tryptic  digestion  of 
the  sensitized  and  unsensitized  bacteria  was  permitted. 


PROTOCOL  VI. 

Effect  of  Sensitization  of  Typhoid  Bacilli  on  Their  Tryptic  Digestibility. 


£3^ 


Typhoid 
bacteria. 


j       Seasitized 
typhoid  bacteria. 


Complement. 


Non-coa^Iable 
I      nitrogen  in 
,      supernatant 
fluid. 


Tryptic 
digestion. 


3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

13 

14 


I.O  c.c. 
i.o  c.c. 


1.0  c.c. 
1.0  c.c. 


Total  nitrogen  =  0.55  mg., 
total  non-coagulable  nitrogen  =  0.05  mg.  per  c.c. 
Total  nitrogen  =  0.575  mg., 
total  non-coagulable  nitrogen  =  0.00  mg.  per  c.c. 


1.0  c.c. 
1.0  c.c. 


1.0  c.c. 
1.0  c.c. 


1.0  c.c. 

0.1  c.c. 

1.0  c.c. 

0.1  c.c. 

1.0  c.c. 

0.1  c.c. 

1.0  c.c. 
0.1  c.c. 
1.0  c.c. 
0.1  c.c. 


O.I  c.c. 
O.I  c.c. 


O.I  c.c. 

O.I  c.c. 

O.I  c.c. 

O.I  c.c. 


0.31  mg. 
0.12  mg. 
0.35    mg. 

Lost 
0.305  mg. 
0.06    mg. 


0.162  rag. 
0.172  mg. 


0.172  mg. 
0.15  mg. 
0.316  mg. 
0.25    mg. 


In  protocol  VI  there  was  no  increase  in  autolysis  of  the  two 
series  of  bacteria.  This  will  be  seen  from  tubes  5  to  8,  the  corre- 
sponding serum  controls  being  tubes  9  and  10.  The  sensitized 
bacteria  are  much  more  easily  digested  by  trypsin  (tubes  13  and 
14)  than  the  unsensitized  bacteria  (tubes  11  and  12). 


DISCUSSION. 

In  view  of  the  established  fact  that  the  serum  of  practically  all 
animals  contains  a  markedly  active  anti  ferment  against  trypsin, 
leucoprotease,  and  the  autolytic  ferments, — a  non-specific  substance 
which  in  a  neutral  or  slightly  alkaline  reaction  inhibits  protease 
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action  of  any  kind  and  is  essential  to  life  by  preventing  the  splitting 
of  native  proteins  in  the  serum  to  toxic  products, — we  can  hardly  ex- 
pect a  result  other  than  that  noted  in  the  above  experiments;  i.  e., 
the  fact  that  bacteriolysis  is  not  associated  with  a  proteolysis.  Job- 
ling  and  Strouse  (7)  have  called  attention  to  the  fact  that  the  mere 
solution  of  bacteria  should  not  be  confused  with  proteolysis;  the 
former  might  be  due  to  purely  physical  factors,  as  when  organisms 
are  kept  under  lipoid  solvents  as  preservatives.  This  distinction 
should  be  made  with  equal  emphasis  for  the  immunity  reactions. 

If  bacteriolysis  is  not  associated  with  proteolysis  we  must  find 
some  other  explanation.  This,  we  believe,  should  be  sought  in  the 
relation  of  the  lipoids  of  the  bacteria  and  the  lipolytic  effect  of  the 
serum  (Jobling  and  Bull  (8)).  That  a  physical  change  of  some 
sort  is  induced  in  corpuscles  treated  with  immune  serum  and  cori- 
plement  has  been  shown  by  Eisner  and  Friedemann  (9),  and  is  indi- 
cated by  the  fact  that  bacterial  organisms  are  rendered  more  digest- 
ible for  trypsin.  This  might  be  due  to  (a)  an  alteration  in  the 
lipoidal  surface  membranes,  rendering  the  organism  more  permeable 
for  trypsin;  (b)  an  oxidation,  rendering  the  antiferments  of  the 
bacteria  less  active;  or  (c)  the  death  of  the  organism  (expressing, 
of  course,  a  physical  change)  with  resulting  alteration  of  the  balance 
of  the  bacterial  protein  and  lipoids  and  consequent  loss  of  antitryptic 
activity. 

Our  results  might  be  considered  to 'contradict  directly  the  results 
obtained  by  several  workers  with  the  Abderhalden  dialysis  method, 
who  have  obsers^d  an  increase  in  protein  split  products  when  bac- 
teria were  allowed  to  digest  with  immune  serum  (Voelkel  (10)). 
These  workers  have  ignored  the  presence  of  an  excess  of  antifer- 
ment  in  the  blood,  assuming  that  proteolysis  might  take  place  under 
normal  conditions  with  resulting  splitting  of  bacteria.  Inasmuch  as 
Plant  (11)  has  recently  shown  that  such  absorbing  substances  as 
kaolin,  starch,  etc.,  give  an  equally  positive  reaction,  and  since  de 
Waele  (12)  has  just  demonstrated  the  same  fact  by  the  simple  means 
of  precipitating  the  globulins  of  the  serum,  there  can  be  no  question 
that  the  idea  of  a  specific  protease  action  is  unfounded.  This  view 
has  also  been  taken  by  Kirschbaum  and  Kohler  (13),  who  have 
been  unable  to  obtain  results  by  means  of  the  dialysis  method  which 
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could  in  any  way  be  interpreted  as  indicating  a  specific  protease 
action  upon  bacteria.  This,  of  course,  does  not  hold  true  for  the 
peptases,  there  being  no  anti ferments  in  the  serum  against  these 
ferments.  Reasoning  from  a  different  line  of  experiments,  based 
on  the  demonstration  of  the  lipoidal  nature  of  the  antiferments  ( 14) , 
we  have  shown  that  serum  from  which  the  antiferment  has  been 
removed  will  autolyze  (15)  and  that  the  antiferment  can  be  re- 
moved by  adsorption  (16),  after  which  there  is,  of  course,  no  further 
impediment  to  either  protease  or  peptase  action.  It  is,  therefore, 
more  than  probable  that  the  dialyzable  split  products  obtained  by 
various  workers  from  the  bacterial  digestion  by  immune  serum  re- 
present digestion  products  brought  about  by  an  alteration  in  the 
balance  of  the  ferment  and  antiferment  when  the  latter  is  adsorbed 
by  the  bacteria.  It  is  more  easy  to  conceive  that  the  soluble  serum 
proteins  are  split  when  their  antiferment  is  adsorbed  than  that  the 
bacterial  protein,  protected  by  its  lipoids  and  membranes,  should  be 
attacked. 

CONCLUSIONS. 

1.  There  is  no  demonstrable  increase  in  non-coagulable  nitrogen 
during  bacteriolysis. 

2.  Bacteria  treated  with  immune  serum  and  complement  are  so 
altered  that  they  are  more  readily  digested  by  trypsin. 

3.  Bacteria  treated  with  complement  alone  become  more  resistant 
to  proteolysis. 

4.  Bacteria  treated  with  an  excess  of  immune  serum  and  com- 
plement become    more  resistant  to  proteolysis. 
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FURTHER  EXPERIMENTS  UPON  THE  EFFECTS  OF 

EXTIRPATION  OF  THE  THYMUS  IN  RATS,  WITH 

SPECIAL  REFERENCE  TO  THE  ALLEGED 

PRODUCTION  OF  RACHITIC  LESIONS.* 

By  ALWIN  M.  PAPPENHEIMER,  M.D. 

{From  the  Del^artmcnt  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columhia  University,  New  York.) 

Plates  22  to  25. 

In  a  previous  paper  (i)  dealing  with  the  effects  of  extirpation 
of  the  thymus  of  white  rats,  the  writer  reached  the  conclusion  that 
total  removal  of  the  gland  at  an  early  age  was  not  necessarily  fol- 
lowed by  modifications  of  the  normal  development,  nor  by  charac- 
teristic changes  in  the  skeletal  system. 

While  this  article  was  in  press,  there  appeared  a  short  paper  by  Klose  (2) 
embodying  results  at  variance  with  these  observations.  Klose  described  briefly 
the  results  of  thymus  extirpations  in  pigs,  goats,  rats,  and  chickens.  The  rats 
were  operated  upon  on  the  fourteenth  day  after  birth.  Some  of  the  animals 
showed  no  results  from  the  operation,  and  this  failure  is  ascribed  by  Klose  to 
the  presence  of  accessory  tissue  within  the  thyroid  gland.  In  rats  without  such 
accessory  thymus  tissue,  death  followed  after  eight  to  ten  weeks,  with  symptoms 
of  cachexia  thymopriva.  The  bones  in  these  rats  showed  severe  rachitic  changes. 
Most  striking  were  the  changes  in  the  ribs,  in  which  there  was  found  a  typical 
rosary,  such  as  is  seen  in  human  rickets.  Microscopically  there  was  an  extreme 
widening  of  the  zone  of  growing  cartilage,  failure  of  calcification  in  the  pre- 
paratory zone,  great  irregularity  and  distortion  of  the  cartilage  columns,  and 
their  penetration  by  blood  vessels.  Klose  pictures  further  a  dense  spongiosa 
composed  in  the  region  of  the  costochondral  junction  almost  wholly  of  osteoid, 
and  an  accompanying  transformation  of  the  marrow  into  "  Fasermark."  Similar 
but  less  striking  changes  were  found  also  in  the  femora. 

Magnini  (3)  has  also  published  an  article  dealing  with  the  effect  of  thymus 
extirpation  upon  white  rats.  Young  rats,  less  than  60  or  65  gm.  in  weight, 
showed  effects  noticeable  within  a  few  days  after  the  operation.  There  devel- 
oped a  progressive  cachexia  which  terminated  fatally  after  forty  to  fifty  days. 
Older  rats,  up  to  70  gm.  in  weight,  survived  for  about  two  months,  whereas  still 
larger  animals  recovered  and  remained  alive.     By  the  injection  of  suitable  doses 

*  Received  for  publication,  August  10,  1914. 
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of  tliymus  extract,  it  was  possible  to  prevent  the  ill  effects  of  the  thymus  extir- 
pation. The  spleen  was  found  enlarged  in  75  per  cent,  of  the  thymectomized 
rats,  but  no  microscopic  changes  were  observed  in  liver,  adrenals,  hypophysis, 
or  testicles.     No  mention  is  made  of  alterations  in  the  skeletal  system. 

In  view  of  such  conflicting  observations,  it  seems  desirable  to 
bring  forward  additional  evidence  in  support  of  the  conclusions 
reached  in  the  writer's  previous  paper.  It  has  been  suggested^  that 
negative  results  might  be  due  to  unrecognized  lobules  of  accessory 
thymic  tissue  which  had  undergone  delymphoidization  or  other  in- 
volutional change  making  their  identification  difficult.  While  it  is 
hard  to  refute  this  criticism  absolutely,  it  may  be  said  that  in  those 
cases  in  which  accessory  tissue  has  been  present,  there  has  been  no 
difiiculty  in  recognizing  it  as  such  and  in  dififerentiating  it  from  lym- 
phoid tissue.  Further,  the  failure  of  such  minute  thymic  rests  to 
undergo  hyperplasia  in  itself  suggests  that  they  are  of  no  great 
functional  significance. 

As  regards  the  alleged  production  of  rachitic  changes,  it  was 
pointed  out  that  Klose,  although  aware  of  the  occurrence  of  spon- 
taneous rachitis  in  rats,  had  given  no  data  by  which  one  could  ex- 
clude this  disease  as  a  possible  explanation  of  his  findings.  At  that 
time  I  had  not  met  with  rachitic  lesions  in  rats.  During  the  past 
spring,  however,  a  number  of  rats  have  been  studied  which  showed 
striking  changes  in  the  bones  and  teeth.  Among  these  were  rats 
which  had  been  thymectomized  at  an  early  age,  control  rats  of  the 
same  litters,  and  rats  from  the  stock  cages.  It  is  believed  that  a 
detailed  description  of  some  of  these  animals  will  support  the  view 
that  these  alterations  of  the  skeletal  system  are  not  due  to  the  lack 
of  thymus  secretion,  but  are  the  result  of  the  spontaneous  disease 
first  described  by  Morpurgo. 

This  paper,  therefore,  includes  observations  (i)  upon  litters  in 
which  complete  thymectomy  was  not  followed  by  alterations  in 
growth,  nutrition,  or  skeletal  system;  (2)  upon  litters  in  which 
both  operated  animals  and  controls  showed  lesions  of  the  bones  and 
teeth;  and  (3)  upon  unoperated  animals  from  the  stock  cages,  show- 
ing similar  lesions.  Through  the  cooperation  of  Professor  W.  J. 
Gies,  calcium  detenninations  of  the  bones  and  teeth  were  made  in 

'  Personal  communication  from  Professor  J.  Salkind. 
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a  number  of  the  rats,  and  the  results  of  these  determinations  are 
published  in  a  separate  paper  (4). 

The  operative  technique  has  been  fully  described  in  the  previous 
study.  The  completeness  of  the  operation  and  the  possible  pres- 
ence of  accessory  thymic  tissue  in  the  thymectomized  rats  was  con- 
trolled in  each  case  by  an  examination  of  serial  sections  of  the  en- 
tire neck  organs,  including  the  thyroid,  and  the  upper  half  of  the 
thoracic  organs.  The  teeth  and  bones  were  decalcified  in  5  per 
cent,  nitric  acid.  The  staining  methods  included  Morpurgo's  mod- 
ification of  Sclimorl's  thionin-picric  acid  method,  which  dififeren- 
tiates  even  in  completely  decalcified  specimens  between  osteoid 
and  completely  calcified  bone. 

PROTOCOLS. 

Litter  U. — This  litter  consisted  of  seven  rats,  four  of  which  were  thymecto- 
mized on  July  28.  1913.  During  the  following  weeks  mother  and  young  received 
protective  inoculations  of  a  B.  enteritidis  vaccine,  since  fatal  infections  with  this 
organism  were  prevalent  at  that  time. 

Rat  Vz. — Emaciated,  cyanotic,  and  anemic ;  died  eight  weeks  after  operation, 
having  gained  only  10  gm.  It  was  eaten  bj'  the  other  rats  and  could  not  be 
examined. 

Rat  L'y. — Control.  Gained  poorly,  remained  weak,  and  had  a  bloody  discharge 
about  the  eyes  and  nose.  It  was  killed  sixty-eight  days  after  operation.  Weight 
at  death  38  gm.  No  gross  or  microscopic  lesions  were  found  to  explain  the 
inanition. 

Rat  U4. — Thymectomy.  This  rat  also  failed  to  gain  weight  normally,  but 
remained  livel}',  and  aside  from  poor  nutrition,  showed  no  evidences  of  illness. 
It  was  killed  sixty-eight  days  after  operation,  rat  U7  serving  as  control.  Weight 
at  death  34  gm. 

Autopsy. — Negative,  aside  from  emaciation. 

Microscopic  Examination. — Numerous  necroses,  old  and  recent,  in  the  liver. 
There  was  absence  of  spermatogenesis.  Serial  sections  of  the  neck  organs 
showed  three  lobules  of  thymic  tissue  lying  in  front  of  the  trachea.  There  was 
also  a  small  accessory  thymus  lobule,  below  and  external  to  the  lower  pole  of 
the  left  thyroid  lobe. 

The  remaining  rats  of  the  litter  (Ul,  U3,  U5,  and  U6)  were  kept  under  obser- 
vation until  January  28  and  29,  1914,  when  they  were  killed  with  ether. 

Rat  Ui. — Thymectomy.  On  Dec.  6  a  small  piece  of  thymus  from  a  rat  of 
another  litter  (Z4)  was  implanted  in  the  peritoneal  cavity.  No  symptoms  fol- 
lowed this  operation,  and  no  vestiges  of  the  implanted  fragment  were  found  at 
autopsy. 

Autopsy. — No  gross  visceral  or  skeletal  changes. 

Microscopic  Examination. — A  few  small  necrotic  areas  are  seen  in  the  liver. 
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with  accumulations  of  wandering  cells  in  the  portal  spaces.  Splenic  follicles  are 
large,  with  a  broad  zone  of  paler  mononuclear  cells  at  the  periphery.  There  are 
myeloid  foci  in  the  pulp,  and  numerous  megakaryocytes.  There  is  also  one 
small  collection  of  polynuclears.  Near  a  lymph  node  in  the  region  of  the  sali- 
vary gland,  there  is  a  small  lobule  of  tissue,  in  part  necrotic,  in  part  composed 
of  pale  epithelioid  cells.  This  can  not  be  identified  as  thymus.  Adherent  to  the 
pericardium  there  is  a  lobule  of  tissue  measuring  500  by  150  by  160  microns, 
which  is  composed  of  oval  or  fusiform  cells  with  pale  nuclei,  arranged  about 
capillaries  or  irregularly  distributed  and  infiltrated  with  lymphoid  and  plasma 
cells.  It  can  not  be  identified  as  thymus  tissue,  since  it  shows  no  Hassall  bodies 
nor  larger  epithelial  cell  complexes,  and  is  probably  granulation  tissue. 

Rat  Uj. — Thymectomy. 

Autopsy. — No  gross  lesions  in  the  viscera  or  skeletal  system,  save  that  there 
are  several  parasitic  (?)  cysts  of  the  mesentery. 

Microscopic  Examination. — There  are  no  infective  lesions  of  the  liver  or 
spleen.  The  series  of  the  neck  organs  is  incomplete  in  that  the  upper  and  pos- 
terior portions  are  torn  in  places.  The  mediastinal  structures  are,  however, 
intact.     No  thymus  tissue  is  present,  and  no  accessory  glands  are  found. 

Rat  U5. — Control.  There  are  suppurative  foci  in  the  middle  lobe  of  the  right 
lung.    The  spleen  is  enlarged.     There  are  no  other  gross  lesions. 

Microscopic  Examination. — No  infective  lesions  in  liver  or  spleen. 

Rat  C/(5.— Control. 

Autopsy  and  Microscopic  Examination. — Normal  organs.  There  is  active 
spermatogenesis. 

The  weights  of  the  viscera  and  other  data  are  summarized  in  the  following 
table. 
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The  bones  and  teeth  were  reserved  for  chemical  examination  and  were  not 
studied  histologically.     There  were  no  gross  changes. 
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The  foregoing  protocols  show  that  rats  may  live  without  thymus 
tissue  and  in  apparent  health  for  at  least  i86  days.  The  differences 
in  weight  between  the  thymectomized  rats  and  the  controls  are  in  all 
likelihood  referable  to  infections,  histological  evidence  of  which  was 
found  in  rats  Ui  and  U4.  Moreover,  a  sex  difference  of  twenty- 
five  grams  at  this  age  is  to  be  regarded  as  normal.  The  great  re- 
tardation of  growth  in  rats  U4  and  Uj  emphasizes  the  need  of  cau- 
tion in  attributing  such  effects  to  the  removal  of  the  thymus,  rather 
than  to  incidental  disease. 

The  following  experiment  offers  further  evidence  in  favor  of  the 
negative  results  of  thymus  extirpation. 

Litter  O.- — This  litter  consisted  of  six  rats,  upon  four  of  which  thymectomy 
was  performed  on  July  17,  1913.  During  the  following  weeks  all  the  animals 
received  prophylactic  injections  of  a  vaccine  of  B.  enteritidis.  With  the  excep- 
tion of  one  rat,  O4,  which  developed  bloody  diarrhea  and  died  after  four  weeks, 
all  the  rats  of  this  litter  gained  steadily  in  weight  and  remained  healthy.  Rats 
Oi.  O2,  and  one  of  the  controls,  O5.  were  killed  on  Nov.  15,  1913,  120  days  after 
the  operation.  Rat  O3  and  the  remaining  control,  06,  were  killed  eleven  days 
later.  In  none  of  the  operated  rats  were  there  found  rests  of  thymic  tissue  or 
accessory  glands.  It  is  unnecessary  to  give  the  detailed  protocols,  since  a  careful 
microscopic  examination  of  the  bones  and  teeth  showed  no  abnormal  conditions. 
The  calcification  of  the  dentine  of  the  incisors  is  shown  for  comparison  with 
that  in  rachitic  rats  in  figures  la  and  ib. 

The  following  protocols  serve  as  examples  of  the  second  group,  in 
which  both  operated  and  control  animals  showed  distinct  alterations 
in  the  bones  and  teeth. 

Litter  X. — This  litter  consisted  of  six  rats,  four  of  which  were  operated  on 
Oct.  24,  1913,  the  remaining  two  being  kept  as  controls.  The  estimated  age  at 
the  time  of  operation  was  sixteen  days. 

Rat  Xi. — On  Nov.  12,  seventeen  days  after  thymectomy,  a  portion  amounting 
to  about  one  fourth  of  the  entire  thymus  of  rat  X6  was  removed  and  implanted 
into  the  peritoneal  cavity  of  Xl.  No  ill  effects  followed  the  implantation  until 
Dec.  I,  when  the  rat  was  found  lying  upon  its  side,  suffering  from  general  con- 
vulsions. The  forefeet  were  strongly  flexed,  the  hind  legs  extended  and  paretic. 
The  rat  was  killed  with  ether. 

Autopsy. — Well  nourished  male;  weight  36  gm.  All  operative  wounds  com- 
pletely healed.  Abdomen  prominent,  intestines  distended.  No  peritonitis.  Care- 
ful search  shows  no  trace  of  implanted  thymic  tissue.  Spleen  small.  No  other 
visceral  changes. 

-  Tabulated  weights  and  measurements  and  weight  chart  of  this  litter  are 
given  in  the  previous  article   (l). 
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Cultures  from  heart  blood  remained  sterile. 

Microscopic  Examination. — Liver  normal,  no  necroses.  Spleen  follicles  small. 
Many  megakaryocytes.  Kidney  and  pancreas  normal.  Testicular  tubules  lined 
with  indifferent  epithelium,  showing  no  mitoses.  No  meningitis.  Ganglion  cells 
of  motor  area  show  no  changes  recognizable  when  stained  with  hematoxylin  and 
eosin.  Vesicles  of  thyroid  large  and  filled  with  abundant  colloid.  Complete 
series  of  neck  organs;  every  tenth  section  mounted.  Later,  intermediate  sections 
including  all  suspicious  areas  were  also  examined.  No  undoubted  masses  of 
thymic  tissue  were  found.  .\  small  nodule  situated  between  the  esophagus,  de- 
scending aorta,  and  right  bronchus,  at  first  interpreted  as  a  thymus  rest,  was 
subsequently  concluded  to  be  a  lymph  node.  It  showed  a  fairly  distinct  periph- 
eral lymph  sinus,  and  complete  absence  of  large  epithelial  cell  complexes  and 
formed  Hassall  bodies.  In  and  about  the  hypertrophic  cervical  lymph  nodes 
were  many  eosinophilic  polynuclear  leucocytes.  No  mitoses  were  found  in  the 
parathyroids. 

The  bones  and  teeth  were  fixed  in  Orth's  fluid  and  decalcified  in  5  per  cent. 
nitric  acid. 

No  rachitic  changes  were  present  in  the  femur  or  tibia.  The  epiphyseal  lines 
were  narrow  and  regular;  the  layer  of  proliferating  cartilage  cells  at  the  lower 
epiphysis  of  the  femur  were  only  two  to  three  cells  deep.  The  trabecula;  of  the 
spongiosa  were  far  apart  and  narrow,  the  osteoblasts  flat  and  inconspicuous. 
The  osteoid  zone  was  extremely  narrow,  in  many  places  not  recognizable.  The 
lymphoid  marrow  extends  to  the  epiphyseal  cartilage  in  the  femur.  The  lower 
portion  of  the  tibia  is  occupied  by  fatty  marrow.  In  the  lymphoid  marrow  of 
the  femur,  there  are  scattered  areas  of  necrosis,  similar  to  those  found  in  infec- 
tions with  B.  entcritidis. 

Sections  of  the  upper  and  lower  incisors  show  nothing  abnormal.  The  calci- 
fication of  the  dentine  is  complete,  save  for  the  normal  narrow  calcium-free  zone. 

The  interesting  point  in  this  protocol  is  tlie  onset  of  convulsions 
and  a  tetanoid  condition  after  removal  of  the  thymus  and  subsequent 
isotransplantation  into  the  peritoneal  cavity.  It  does  not  seem  prob- 
able that  the  convulsions  were  due  to  intoxication  following  the  al> 
sorption  of  the  thymus  tissue.  At  the  time  of  death,  the  implanted 
fragment  had  apparently  lieen  entirely  resorbed.  Further,  the  ex- 
periment has  been  repeated  in  other  rats,  and  in  no  case  were  sim- 
ilar symptoms  obserx'ed.  The  presence  of  focal  necroses  in  the 
bone  marrow  suggests  an  infection  as  a  more  probable  cause  for  the 
nervous  symptoms. 

The  absence  of  bone  lesions,  in  spite  of  complete  extirpatiori  and 
lack  of  accessory  tissue,  is  to  be  noted. 

Rat  X2. — On  Nov.  12  a  small  fragment  of  thymus  from  rat  X6  was  im- 
planted beneath  the  skin  of  the  abdominal  wall.  The  small  nodule  disappeared 
after  a  few  days,  and  no  remains  of  it  were  found  at  autopsy.     There  were  no 
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convulsive  symptoms  or  other  evidence  of  illness  following  the  implantation. 
The  rat  remained  well,  but  was  behind  the  remaining  animals  of  the  litter  in 
size  and  weight.  It  was  allowed  to  live  151  days  after  thymectomy,  and  was  then 
killed  together  with  control  rat  Xs. 

Autopsy. — Poorly  nourished,  eyegrounds  pale,  slight  exophthahiios.  Internal 
organs  normal.  In  the  thymic  region  there  were  five  or  six  lymph  nodes  and  fat : 
no  gross  remains  of  thymus. 

The  ribs  show  fairly  marked  deformit\\  The  zone  of  growing  cartilage  is 
broad  and  translucent,  and  there  is  distinct  nodular  swelling  at  the  junction  of 
cartilage  and  bone.  There  are  also  several  opaque,  fusiform,  whitish  swelling? 
along  the  shafts  of  the  ribs.  The  femur  is  5  mm.  shorter  than  that  of  X5,  the 
control,  and  thicker,  but  not  noticeably  deformed.  The  teeth  show  no  gross 
changes,  aside  from  a  notching  of  the  cutting  surface  of  the  upper  incisors. 

Microscopic  E.i-ainiiiatioii. — Neck  organs  cut  in  complete  series.  A  small 
thymus  IV  is'  found  at  the  lower  pole  of  the  right  thyroid  lobe.  It  contains  no 
formed  Hassall  bodies,  but  there  are  many  epithelial  cells  with  large  pale  nuclei 
in  the  medullary  portion.  The  smooth  margin  and  the  absence  of  follicles  and 
peripheral  lymph  sinus  easily  distinguish  the  tissue  from  lymph  gland.  It  can 
be  traced  through  only  six  sections.  There  is  a  large  accessory  parathyroid  on 
the  left  side,  lying  above  and  external  to  the  thyroid.  All  parathyroids  show- 
numerous  mitoses,  one  or  two  to  each  immersion  field. 

The  liver  is  free  from  necroses.  The  splenic  follicles  are  of  moderate  size 
and  composed  chiefly  of  large  lympliocytes.  The  pulp  shows  groups  of  erythro- 
blasts  and  fairly  numerous  eosinophilic  mononuclears  and  megakarj'ocyte^. 
There  is  evidently  active  hematopoiesis.  In  the  lung  there  is  hyperplasia  of  the 
peribronchial  lymphatic  tissue.  Adrenal  medulla  shows  intense  chromaffin  stain- 
ing of  cells  and  capillary  contents.     It  does  not  differ  from  that  of  the  control. 

In  the  ribs  the  zone  of  proliferating  cartilage  cells  is  about  0.4  mm.  in  width 
(normal  width  about  o.i  mm.).  By  actual  measurement  with  the  projection 
apparatus,  it  is  found  to  be  about  six  times  as"  broad  as  that  of  a  normal  control. 
It  is  composed  of  fourteen  to  si.xteen  swollen  cells.  The  margin  is  uneven  and 
irregular  columns  and  groups  of  cartilage  cells  in  which  the  ground  substance 
stains  like  osteoid  are  found  amongst  the  trabecule  of  the  spongiosa.  These  are 
wide,  irregular  in  their  arrangement,  and  composed  in  the  neighborhood  of  the 
epiphysis  almost  wholly  of  a  homogeneous  osteoid.  Only  the  central  portions 
take  a  bluish  stain  and  show  typical  bone  structure.  The  marrow  spaces  are 
narrow,  and  the  marrow  is  fibrous.  The  osteoblasts  are  very  high  and  conspicu- 
ous. The  cortex  is  broad,  and  the  marrow  cavity  of  the  shaft  correspondingly 
reduced.  The  nodular  swellings  seen  in  the  gross  correspond  to  localized  thick- 
enings of  the  compact  bone.  The  epiphyseal  cartilage  of  the  femur  is  very  con- 
voluted, and  there  are  masses  of  swollen  cells  projecting  amongst  the  trabeculx 
of  the  spongiosa.  The  width  of  the  proliferating  zone  varies.  It  is  from  six  to 
twelve  cells  deep.  The  spongy  bone  is  dense,  the  marrow  spaces  reduced  in 
width. 

The  incisor  teeth  show  pronounced  changes  in  the  calcification  of  the  dentine, 
both  in  the  upper  and  lower  incisors.  The  essential  feature  is  a  defective  and 
irregular  calcification,  with  ingrowth  of  blood  vessels  into  the  calcium-free  den- 
tine.    On  the  concave  side  of  the  upper  incisor,  there  are  alternating  striae  of 
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calcified  and  calcium-free  dentine.  No  lesions  are  found  in  the  enamel  epithe- 
lium.    The  changes  in  the  teeth  are  illustrated  in  figures  2a,  2b,  2c,  and  2d. 

Rat  A'5. — Control,  male.     Killed  with  ether  at  the  same  time  as  X2. 

Autopsy. — Well  nourished,  apparently  healthy  rat.  No  gross  lesions  of  in- 
ternal organs,  ribs,  femora,  or  teeth.     Testes  small,  undescended. 

Microscopic  E.ramiuation. — Livernormal,  no  necroses.  Splenic  follicles  about 
the  same  size  as  those  of  X2,  and  of  similar  structure.  Mitoses  are  not  very 
numerous.  Megakaryocytes  and  eosinophils  abundant  in  pulp.  Adrenals  show 
intense  staining  of  chromaffin  elements  and  of  capillary  contents.  Testicular  tu- 
bules for  the  most  part  devoid  of  differentiated  spermatic  cells,  being  lined  with 
indifferent  syncytium  showing  no  mitotic  figures.  A  few  tubules  show  differentia- 
tion up  to  the  formation  of  spermatids.  The  interstitial  cells  are  hyperplastic. 
Thyrtiid  vesicles  slightly  smaller,  epithelium  higher,  than  in  the  thyroid  of  X2. 
Parathyroids  show  mitoses  (two  or  three  in  each  section),  but  less  numerous 
than  in  X2. 

Two  ribs  were  examined.  One  shows  much  more  pronounced  changes  than 
the  other.  The  lesions  in  the  more  severely  affected  rib  are  identical  with  those 
described  in  the  rib  of  X2.  The  width  of  the  growing  cartilage  is  increased,  and 
the  disarrangement  of  the  cartilage  cells  is  extreme.  There  is  an  excessive 
amount  of  spongy  bone  in  the  region  of  the  epiphysis,  the  trabeculae  having  a 
wide  osteoid  margin.  The  marrow  is  fibrous  in  character.  The  femur  also 
shows  similar  changes. 

The  incisors  show  a  marked  defect  in  the  calcification  of  the  dentine,  with 
ingrowth  of  cells  and  blood  vessels  from  the  odontoblast  layer,  as  shown  in 
figures  3a,  3b,  3c,  and  3d.  The  enamel  epithelium  of  the  upper  incisors  is  inter- 
rupted at  one  point  and  folded  in  upon  itself.  The  enamel  in  this  region  has 
fallen  out. 

The  comparative  weights  and  measurements  of  rats  X2  and  X5  are  given 
in  table  II. 
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There  is  a  difference  of  weight  of  fifty-seven  grams  in  favor  of 
the  control  rat,  and  of  sixteen  milhmeters  in  length.  Both  the  oper- 
ated rat  and  the  control  show  marked  lesions  in  the  teeth  and  skel- 
etal system. 

The  spontaneous  occurrence  of  such  lesions  in  the  control  rat 
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makes  it  highly  improbable  that  they  are  in  any  way  related  to  a 
loss  of  thymic  function.  Furthermore,  if  one  is  to  ascribe  the  re- 
tardation in  growth  in  rat  X2  to  the  lack  of  thymus,  one  must 
assume  that  the  presence  of  an  accessory  gland  is  not  sufficient  to 
ward  off  the  effects.  This  would  not  coincide  with  Klose's  assump- 
tion that  such  small  lobules  of  accessory  thymus  tissue  are  capable 
of  preventing  the  deprivation  symptoms,  and  that  the  negative  re- 
sults of  extirpation  can  be  explained  in  this  way. 

The  remaining  rats  of  the  litter,  X3  and  X4,  and  the  control,  X6, 
were  killed  156  days  after  the  operation. 

Rat  Xj. — Large,  well  nourished  male.  Nothing  abnormal  noted  in  viscera, 
bones,  or  teeth.  Many  large  lymph  nodes  in  substernal  region,  but  no  gross 
remains  of  thymus. 

Microscopic  Examination. — Liver,  spleen,  adrenals,  lungs,  and  kidneys  normal. 
Testes  show  active  spermatogenesis.    Interstitial  cells  large,  distinct,  and  numerous. 

Neck  organs  cut  in  complete  series.  A  lobule  of  thymus  tissue  is  found 
lying  along  the  trachea  i  cm.  above  the  bifurcation.  It  is  elongated  and  narrow, 
measuring  approximately  1.5  by  0.3  by  0.075  mm.  The  thymus  structure  is  dis- 
tinct, although  there  are  few  fully  formed  Hassall  bodies.  At  one  pole  are 
several  vesicles  lined  vi'ith  cuboidal  epithelium,  and  containing  basic  staining 
colloid  material.  The  right  parathyroid  lies  external  to  the  thyroid,  and  is  irreg- 
ular in  shape,  partially  encircling  the  carotid.     Mitoses  are  not  infrequent. 

In  the  upper  incisors  the  calcification  of  the  dentine  is  practically  complete 
on  the  convex  surface  throughout  the  whole  length.  Near  the  base  of  the  tooth, 
the  border  of  the  calcified  portion  is  slightly  wavy,  and  there  are  a  few  ingrowing 
Iilood  vessels.  The  concave  edge  also  shows  good  calcification  of  the  dentine, 
although  in  the  middle  portion  there  are  a.  few  calcium-free  streaks,  and  in 
places  the  calcium  is  deposited  in  globular  form.  The  odontoblast  layer  is  well 
formed  through  the  entire  extent  of  the  pulp  cavity  on  both  sides.  The  enamel 
is  wanting  in  the  sections,  but  the  emaloblasts  are  normal. 

Normal  chondrocostal  junctions  in  several  ribs  examined.  There  are  four 
to  eight  growing  cartilage  cells,  regularly  disposed.  The  osteoblasts  are  well 
formed.     There  is  no  excess  of  osteoid  tissue. 

Rat  X4. — Thymectomy. 

Autopsy. — Fairly  well  nourished  female.  No  changes  in  internal  viscera. 
No  macroscopic  remains  of  thymus.  Definite  lesions  are  seen  in  the  ribs,  similar 
to  those  described  in  X2.  The  chondrocostal  junctions  are  swollen,  and  there 
is  sharp  angulation  of  the  lower  ribs.  The  zone  of  growing  cartilage  is  broad, 
and  the  adjacent  part  of  the  shaft  for  a  distance  of  about  2  mm.  is  greyish  white 
and  soft.  Four  of  the  ribs  show  on  the  pleural  surface,  about  I  cm.  from  the 
junction  with  the  cartilage,  pearly,  cartilaginous  s%vellings.  Teeth  and  femora 
show  no  gross  changes. 

Microscopic  Examination. — Liver,  kidneys,  and  adrenals  normal.  Splenic  fol- 
licles   slightly    smaller    than    those    of    the    control,    X6.     Few    mitoses.     Many 
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eosinophils  and  mucli  pigment  in  pulp.  Lungs  show  manj-  eosinophils  in  edema- 
tous tissue  about  larger  blood  vessels. 

The  upper  incisors  show  changes  similar  to  those  described  in  rats  X2  and 
X5,  but  somewhat  less  marked.  The  defective  calcification  of  the  dentine,  on 
the  convex  surface,  near  the  base  of  the  tooth,  is  marked,  about  one  third  of 
the  entire  width  being  entirely  calcium- free.'  In  the  middle  portion,  about  two 
fifths  of  the  dentine  is  uncalcified.  Here,  and  also  towards  the  tip,  the  calcium 
is  deposited  in  laminse.  There  is  an  abundant  ingrowth  of  capillaries  from  the 
odontoblast  layer.  On  the  concave  side,  near  the  base,  half  the  dentine  is  calcium- 
free.  Towards  the  middle  and  distal  portion,  the  calcification  is  still  more 
incomplete,  and  in  the  form  of  alternating  calcium-free  and  calcium-containing 
layers.  The  lower  incisors  show  similar  changes,  especially  marked  on  the  con- 
cave surface. 

The  growing  cartilage  of  the  ribs  presents  an  even  convex  surface  towards 
the  shaft.  The  rows  of  cartilage  cells  are  six  to  ten  cells  deep.  The  spongiosa 
is  composed  of  very  broad  trabeculae  with  wide  osteoid  zones,  and  high  osteo- 
blasts. The  pearly  swellings  observed  in  the  gross  correspond  to  localized 
thickenings  of  the  compact  bone. 

The  zone  of  growing  cartilage  of  the  femur  at  the  lower  epiphysis  is  convo- 
luted and  slightly  increased  in  breadth,  but  not  markedly  irregular.  The  spon- 
giosa is  formed  of  coarse  trabecute  with  a  relatively  broad  osteoid  zone  and  dis- 
tinct osteoblasts. 

Neck  organs,  cut  in  complete  series,  show  no  thymus  tissue,  with  the  exception 
of  a  minute  accessory  lobule  below  the  inferior  pole  of  the  right  parathyroid 
gland  and  lying  within  the  capsule  of  the  thyroid.  This  is  composed  of  large 
cells  with  very  pale  nuclei,  between  which  are  scattered  small  cells  of  the 
lymphoid  type.  The  lobule  contains  also  a  few  eosinophils,  and  abundant  brown- 
ish pigment.  There  are  no  Hassall  bodies  or  large  epithelial  cell  complexes. 
The  tissue  can  be  traced  through  only  five  sections.  There  are  two  parathyroids, 
both  within  the  thyroid.  The  epithelial  cells  show  fairly  nuinerous  mitoses,  two 
or  three  to  each  section.  The  thyroid  vesicles  are  small,  save  at  the  surface  of 
the  gland;  the  cells  pre  columnar,  but  not  infolded.  The  colloid  is  abundant,  but 
vacuolated. 

Rat  X6. — Control. 

Autopsy. — Large,  well  nourished  rat,  showing  no  changes  in  the  internal 
organs.  There  is  slight  beading  of  the  ribs,  with  a  broad  greyish  zone  adjacent 
to  the  cartilage.     The  femora  and  teeth  appear  normal. 

."ilicroscofic  E.yaminatinn. — Liver,  kidneys,  and  adrenals  normal.  The  splenic 
follicles  are  slightly  larger  than  those  of  rats  X3  and  X4.  Mitoses  are  not 
numerous.  In  the  pulp  are  many  erythroblasts  and  eosinophils.  Some  of  the 
testicular  tubules  show  active  spermatogenesis  with  formed  spermatozoa  in  the 
lumina.  Most  of  the  tubules,  however,  are  lined  with  indifferent  epithelium 
showing  no  mitoses.  Interstitial  cells  are  somewhat  more  abundant  than  in  the 
testis  of  rat  X4. 

In  the  upper  incisors  the  odontoblasts  are  well  formed,  extending  through  the 
entire  length  of  the  pulp.  Calcification  of  the  dentine  is  not  abnormal,  save  that 
the  odontoblast  layer  is  rather  wavy.     The  uncalcified  predentine  is  narrow. 

Ribs  and  femur  show  nothing  abnormal. 
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The  comparative  weights  and  measurements  of  rats  X3,  X4,  and 
X6  are  summarized  in  table  III. 
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Rat  X4  offers  a  further  ilkistration  of  the  fact  that  rats  may 
survive  complete  extirpation  for  many  months  without  becoming 
cachectic:  It  seems  improbable  that  the  minute  accessory  gland,  less 
than  fifty  microns  in  diameter,  could  take  over  the  functions  of  the 
entire  thymus  without  showing  evidence  of  active  hyperplasia. 

The  rachitic  lesions  in  this  rat  were  marked,  and  as  will  be  evi- 
dent from  subsequent  protocols,  this  disease  in  rats  is  frequently, 
though  not  always,  accompanied  by  a  retardation  of  growth.  There 
is,  therefore,  little  ground  for  attributing  the  diminution  in  size  and 
weight,  as  compared  with  the  control,  to  the  lack  of  thymus.  The 
normal  sex  dift'erence  must  also  be  taken  into  account  at  this  age. 

Litter  Y. — This  litter,  consisting  originally  of  eleven  rats,  was  born  in  the 
laboratory  of  stock  animals,  all  the  rats  previously  studied  having  been  obtained 
from  Granby.  Mass.  The  rats  were  undersized,  and  stood  the  operation  poorly, 
only  three  thymectomized  and  three  controls  surviving. 

Rat  Y2. — Thymectomized  Oct.  27,  1913.  Weight  10  gm.  Gained  slowly  and 
remained  undersized.  Killed  on  Mar.  13,  1914,  137  days  after  extirpation  of  the 
thymus. 

Autot<sy. — Internal  organs  normal  save  for  suppurative  foci  in  the  lower  lobe 
of  the  right  lung.  Testes  large  and  descended.  No  alterations  of  the  bones  and 
teeth  were  recorded. 

Microscopic  Examination. — Lungs  show  bronchiectases  and  bronchopneu- 
monia. Active  spermatogenesis.  Interstitial  cells  not  numerous.  Liver,  adre- 
nals, and  kidneys  normal.     Spleen  shows  active  blood  formation. 

Extirpation  of  thymus  probably  complete.  The  only  suspicious  tissue  lies 
in  a  lobule  of  fat  near  the  hilus  of  the  left  lung,  where  there  is  a  circumscribed 
collection  of  mononuclear  cells  with  a  few  larger  elements,  which  can  be  traced 
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through  sixteen  sections.  There  are  no  epithelial  cell  complexes  or  Hassall 
bodies,  but  the  tissue  does  not  have  a  peripheral  lymph  sinus  or  follicles.  It  is 
probably  a  newly  forming  lymph  node.  The  thyroid  is  composed  of  large  vesi- 
cles with  abundant  colloid  and  flat  epitheHum.  In  the  fat  tissue  external  to  it, 
are  a  few  closed  ducts  lined  with  high  cylindrical  epithelium  (postbranchial 
ducts). 

The  line  of  growing  cartilage  of  the  ribs  is  broad,  with  a  convex,  irregular 
surface  directed  towards  the  shaft.  It  is  composed  of  eighteen  to  twenty  cells 
in  rows,  with  masses  of  cartilage  cells  projecting  amongst  the  trabeculae  of  the 
spongiosa.  These  are  numerous,  broad,  with  a  wide  osteoid  margin,  and  high 
conspicuous  osteoblasts.  The  marrow  spaces  in  the  region  of  the  cartilage  are 
narrow,  the  vessels  hyperemia  and  surrounded  by  spindle  cells. 

Upper  epiphysis  of  tibia.  No  definite  rachitic  changes.  The  zone  of  growing 
cartilage  is  slightly  narrower  than  that  of  the  control.  The  cells  are  regular  in 
their  arrangement,  as  are  the  trabeculae.  Bone  formation  is  very  active.  The 
osteoid  zone  about  the  trabecula;  is  slightly  increased  in  width.  This  is  espe- 
cially clear  in  the  epiphyseal  center  of  ossification. 

The  epiphyseal  line  of  the  femur  is  regular  on  the  whole,  but  there  are  a  few 
projections  of  cartilage  amongst  the  trabecute  of  the  spongiosa.  The  osteoid  is 
increased  in  amount. 

The  calcification  of  the  dentine  of  both  upper  and  lower  incisors  is  somewhat 
defective,  but  there  is  no  vascularization  of  the  calcium-free  dentine.  The  enamel 
epithelium  is  not  altered. 

Much  more  striking  were  the  skeletal  and  dental  changes  in  rat  Y8,  the  pro- 
tocol of  which  follows. 

Rat  Y8. — Thymectomy  on  Nov.  I,  1913.  Weight  at  operation  14.6  gm.  Fol- 
lowing the  operation,  and  until  the  rat  was  killed  on  Mar.  2,  126  days  after  extir- 
pation of  the  thymus,  it  lagged  far  behind  the  remaining  rats  of  the  litter  in 
weight  and  size.  The  hair  was  rough  and  sparse;  the  head  seemed  relatively 
large  as  compared  with  the  body.  On  Jan.  17,  it  was  noted  that  the  upper  in- 
cisors were  very  long  and  thick  as  compared  with  the  lower,  which  were  small 
and  delicate.  On  Feb.  28  the  right  upper  incisor  was'broken  oiT  just  beyond  its 
emergence  from  the  gum. 

Autopsy. — Poorly  nourished,  stunted  male.  Weight  42  gm.  The  internal 
viscera  were  normal,  with  the  exception  of  the  right  lung,  which  was  atelectatic 
in  its  upper  portion.  No  gross  remains  of  thymus.  The  thorax  is  greatly  de- 
formed by  the  presence  of  a  deep  groove  along  the  line  of  the  chondrocostal 
junctions.  From  the  pleural  surface  there  are  seen,  especially  on  the  lower  ribs, 
nodular  protuberances  at  corresponding  points.  There  is  thus  a  pronounced 
rachitic  rosary.  The  bones  of  the  lower  extremities  are  softer  and  more  pliable 
than  normal,  and  there  is  distinct  swelling  about  the  epiphyses  of  tlie  knee-joints. 

Cultures  from  the  heart  blood  and  spleen  on  slant  agar  remained  sterile. 

Microscopical  Examination. — Liver  free  from  necroses.  Splenic  follicles  large 
and  sharply  circumscribed.  Many  of  the  lymphoid  cells  are  of  the  large  mono- 
nuclear type.  Mitoses  are  scarce,  and  there  are  no  distinct  germinal  centers.  , 
In  the  pulp  there  are  many  islands  of  normoblasts  and  groups  of  myelocytic 
eosinophils.  Adrenals  show  the  usual  intense  chromaffin  staining.  Testicular 
tubules  are  lined  with  four  or  five  rows  of  cells,  most  of  them  spermatoblasts 


Alwin  M.  Pappenheimer.  489 

in  active  division.  There  are  a  few  spermatids,  but  no  ripe  spermatozoa.  The 
appearance  is  that  of  a  testis  just  before  the  onset  of  spermatogenesis.  Some 
of  the  bronchi  contain  dense  collections  of  eosinophils.  The  pulmonary  arteries 
are  thickened,  their  lumina  contracted,  the  muscular  coat  appears  hypertrophied. 
Some  of  the  vessels  are  practically  obliterated. 

Complete  series  of  neck  organs.  There  is  no  tissue  which  can  be  identified 
as  thymus.  There  are  no  accessory  thymus  lobules.  The  parathyroids  are  large ; 
no  mitoses  are  found.     Thyroid  shows  usual  structure  with  abundant  colloid. 

The  upper  incisors  were  sectioned  through  the  fractured  stump.  The  pulp 
is  hyperemic  and  largely  necrotic.  The  calcification  of  the  dentine  is  both  irreg- 
ular and  incomplete.  The  line  of  junction  between  odontoblasts  and  predentine 
is  sinuous,  and  in  many  places  the  odontoblast  cells  penetrate  the  uncalcified 
tissue.  The  calcified  portion  of  the  dentine  is  laminated,  the  calcium  being  in 
the  form  of  coarse  globules.  In  another  section  there  are  alternating  zones  of 
calcified  and  calcium-free  dentine.  Isolated  cells  and  occasionally  capillary  loops 
reach  the  outer,  imperfectly  calcified  zone.  Sections  through  the  unfractured 
upper  incisor  show  also  defective  calcification.  Near  the  root,  there  is  the  same 
stratification  as  in  the  fractured  tooth.  In  the  middle  portion,  just  after  it 
emerges  from  the  socket,  the  section  passes  outside  the  pulp  canal.  In  this 
region,  there  is  a  large  area  of  calcium-free  dentine.  Near  the  convex  surface, 
within  the  calcified  strata,  there  are  a  number  of  globular  yellowish  masses.  In 
sections  stained  with  thionin-picric  acid,  it  is  seen  that  the  dentine  filaments  are 
interrupted  at  the  site  of  these  globular  deposits.  Near  the  root,  the  congested 
pulp  vessels  penetrate  the  uncalcified  dentine  as  papillary  ingrowths.  About  one 
half  of  the  dentine  on  the  convex  surface  of  the  lower  incisors  is  free  from 
calcium.  The  odontoblasts  are  poorly  formed  and  irregular.  There  is  no  marked 
ingrowth  of  blood  vessels.  On  the  concave  side  the  calcification  is  still  more 
imperfect. 

The  zone  of  growing  cartilage  of  the  humerus  at  the  lower  epiphysis  is 
widened,  and  irregularly  prolonged  amongst  the  trabecute.  These  are  very  broad 
and  the  marrow  spaces  correspondingly  narrow.  The  trabecule  are  composed 
in  the  neighborhood  of  the  epiphysis  of  a  narrow,  ossified  central  portion,  dis- 
tinctly laminated,  with  angular  bone  corpuscles,  surrounded  by  a  very  broad, 
homogeneous,  osteoid  zone  in  which  the  nuclei  of  the  bone  corpuscles  are  larger 
and  more  rounded,  and  quite  irregularly  distributed.  The  osteoblasts  are  con- 
spicuous and  well  formed.  There  is  no  increased  osteoclastic  resorption.  The 
changes  at  the  lower  epiphysis  of  the  femur  are  similar  in  character,  but  more 
pronounced  than  in  the  humerus.  Numerous  sections  from  four  different  ribs 
show  similar  changes.  There  is  marked  deformity  at  the  junction  of  cartilage 
and  bone,  where  the  rib  measures  3  mm.  in  diameter.  The  junction  of  the  car- 
tilage with  the  shaft  is  in  most  places  sharply  marked  off.  There  is  a  large 
central  mass  of  hypertrophic  cartilage,  in  some  places  twenty-five  cells  deep,  and 
two  shorter  lateral  spurs.  Near  the  pleural  surface,  smaller  irregular  groups 
of  cartilage  cells  are  surrounded  by  osteoid-staining  matrix.  The  adjacent  can- 
cellous bone  is  composed  of  stout  trabecula:  formed  entirely  of  pink  staining 
osteoid,  separated  by  very  narrow  clefts  and  spaces.  They  are  ranged,  in  the 
region  where  the  rib  is  sharply  angulated,  at  right  angles  to  the  cartilage  columns. 
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The  distribution  of  the  bone  corpuscles  through  this  mass  of  osteoid  is  hap- 
hazard. Farther  along  the  shaft,  the  trabecule  of  the  spongy  bone  follow  the 
long  axis  of  the  rib.  They  are  all  greatly  thickened,  as  is  the  corticalis,  and  well 
calcified  only  in  their  central  portions.  In  thionin-picric  acid-phosphotungstic 
acid-stained  preparations,  the  broad  osteoid,  blue  staining  zone  appears  with 
great  distinctness.  The  marrow  cavity  is  much  reduced  in  width.  Near  the 
epiphysis  the  marrow  is  fibrous ;  further  along,  it  has  the  normal  lymphoid 
appearance. 

Two  control  rats  of  the  litter.  Y~  and  Yg,  showed  alterations  in 
the  teeth  and  bones  comparable  with  those  observed  in  the  thymec- 
tomized  rats,  though  somewhat  less  pronounced.  A  third  control, 
Yio,  which  had  complete  visceral  transposition,  was  not  histolog- 
ically examined. 

Rat  Yy. — Control.  Killed  Apr.  7,  1914.  Poorly  nourished  female,  weighing 
115  gm.  Internal  organs  show  no  lesions,  with  the  exception  of  the  lung.  The 
right  middle  lobe  is  converted  into  a  mass  of  cheesy  abscesses,  separated  by  scar 
tissue.  The  ribs  show  slight  beading  at  the  chondrocostal  junctions,  with  angu- 
lar deformity  in  the  region  of  the  diaphragmatic  attachment.  The  zone  of  grow- 
ing cartilage  is  broad.     No  gross  changes  in  femora  or  teeth. 

Microscopic  Examination. — Internal  viscera,  aside  from  lung  lesions,  show 
nothing  abnormal. 

In  the  upper  incisors  calcification  of  the  dentine  is  imperfect,  both  on  the 
convex  and  on  the  concave  surfaces.  The  odontoblast  layer  is  broad,  but  ill 
defined,  and  on  the  concave  side  cells  are  seen  to  penetrate  the  calcium-free 
dentine  for  varying  distances.  Both  surfaces  of  the  lower  incisors  show  alter- 
nating layers  of  calcium-containing  and  calcium-free  dentine.  The  calcium  is 
deposited  in  the  form  of  coarse  globules. 
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The  growing  cartilage  of  the  femur  is  narrow,  being  composed  of  only  two 
to  four  rows  of  cells  in  the  lower  epiphysis.  Both  in  the  compact  and  in  the 
spongy  bone,  the  osteoid  margin  is  very  broad  and  distinct,  especially  about  the 
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perforating  vessels.  The  ribs  show  no  deformity  in  the  sections  examined,  but 
there  is  a  distinct  increase  in  the  width  of  the  osteoid  zone  about  the  trabeculse. 

Rat  yp.— Control,  male.  Killed  Mar.  13,  1914.  Weight  118  gm.  There  were 
no  lesions  of  the  internal  viscera.  The  alterations  of  the  teeth  were  insignificant 
(slight  lamination  of  the  calcium  on  the  convex  surface  of  the  lower  incisors), 
but  there  was  distinct  irregularity  and  thickening  of  the  cartilage  at  the  lower 
epiphysis  of  the  femur  and  at  the  upper  epiphysis  of  the  tibia.  The  single  rib 
examined  was  practically  normal. 

The  comparative  weights  and  measurements  of  litter  Y  are  given  in  table  IV. 

To  the  foregoing  protocols  of  thymectomized  and  control  rats 
may  be  added  the  brief  description  of  two  unoperated  rats  taken 
from  the  stock  cages,  which  showed  lesions  in  the  bones  and  teeth 
identical  with  those  described  above. 

The  first  of  these  (rat  50)  was  greath'  stunted;  there  was  a  marked  dispro- 
portion between  the  size  of  the  head  and  that  of  the  body.  The  approximate 
weight  was  50  gm.  The  hair  was  rough  and  sparse.  The  teeth  were  somewhat 
chalk}',  but  not  greatly  altered.  There  was  an  extreme  deformity  of  the  thorax 
(figure  S),  resembling  that  noted  in  rat  Y2.  There  was  also  marked  kj-phosis 
and  lateral  curvature.  There  were  many  whitish  nodules  along  the  shafts  of 
the  ribs,  especially  in  the  paravertebral  lines.  The  ribs  were  verj'  soft,  and  on 
cross-section  the  marrow  cavity  seemed  almost  obliterated  owing  to  the  great 
thickening  of  the  cortex  of  the  bone.  At  the  chondrocostal  junctions  were  nod- 
ular projections  several  millimeters  in  thickness.  The  femora  were  short,  and 
verj'  broad  in  the  region  of  the  epiphyses.  The  upper  third  of  the  tibife  was 
bowed  anteriorly. 

Microscopic  Examination. — The  superficial  layer  of  dentine  of  the  upper 
incisors  is  well  calcified;  in  the  middle  zone,  the  calcium  is  in  the  form  of 
globular  masses  of  large  size,  and  the  inner  -zone,  comprising  about  one  third 
of  the  total  thickness  of  the  dentine,  is  calcium-free.  Towards  the  apex  the  cal- 
cification is  more  complete.  The  lower  incisors  exhibit  more  striking  changes, 
especially  on  the  concave  surface  where  about  half  the  dentine  is  free  from 
calcium.  The  vessels  of  the  pulp  are  extremely  congested,  and  the  odontoblast 
layer  is  broken  up  in  many  places  by  fresh  capillary  hemorrhages.  Towards  the 
apex  of  the  tooth,  the  layer  of  odontoblasts  becomes  entirely  disorganized,  with 
the  formation  of  numerous  ragged  cavities,  possibly  the  effect  of  gas  formed 
during  decalcification.  The  enamel  epithelium  is  intact  save  in  one  place,  where 
the  cells  are  destroyed  by  hemorrhage. 

The  zone  of  proliferating  cartilage  of  the  ribs  is  composed  of  irregular  masses 
of  cells  which  fail  to  show  the  normal  alignment  into  columns,  and  which  extend 
a  variable  distance  into  the  adjacent  trabeculse.  The  neighboring  part  of  the  rib 
is  composed  of  a  knob  of  anastomosing  columns  separated  by  very  narrow 
Haversian  spaces.  The  distinction  between  osteoid  and  calcified  bone  is  not 
sharply  brought  out  in  the  sections,  but  the  rounded  form  of  the  bone  corpuscles 
and  their  highly  irregular  distribution  suggest  deficient  calcification.  The  osteo- 
blasts form  a  continuous  flat  row  covering  the  trabecute.     There  is  no  increased 
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lacunar  resorption.  Beyond  this  knob  of  tissue  the  bone  is  sharply  bent  upon 
itself.  A  tongue  of  cartilage  grows  into  this  angle  from  the  external  surface 
of  the  periosteum.  The  cortex  of  the  rib  is  greatly  thickened  and  formed  of 
parallel  trabeculx  which  encroach  upon  the  medullary  cavity,  which  is  corre- 
spondingly narrowed.  The  marrow  is  normal,  save  in  the  region  of  the  junc- 
tion where  it  is  fibrous  (figure  6). 

In  order  to  determine  the  possible  infectious  character  of  this  dis- 
ease, four  half  grown  and  apparently  healthy  rats  were  inoculated 
with  a  suspension  of  bone  marrow  from  rat  Y8.  One  of  the  inocu- 
lated rats,  killed  twenty-eight  days  after  subcutaneous  injection, 
showed  striking  alterations  in  the  bones  and  teeth.  There  was  in 
this  rat  no  gross  deformity  of  the  thorax,  but  an  evident  widening 
of  tlie  translucent  zone  of  proliferating  cartilage,  and  the  adjacent 
bony  part  of  the  ribs  was  opaque  and  slightly  thickened.  The  fe- 
mora were  broad  and  thick,  and  so  soft  that  they  could  easily  be  cut 
with  scissors.     The  tibia?  were  bowed  anteriorly. 

Changes  in  the  teeth  were  first  noted  four  days  Isefore  the  animal 
was  killed.  The  basal  portions  of  the  upper  incisors  were  found  to 
be  distinctly  swollen, .  translucent,  greyish,  and  rounded,  sharply 
marked  ofif  from  the  distal  third  which  was  opaque  and  chalky 
white.  During  the  next  few  days,  the  swelling  and  translucency 
extended  almost  to  the  tip  of  the  tooth.  The  lower  incisors  were 
also  less  opaque  than  normally. 

Microscopic  Examination. — No  changes  were  found  in  any  of  the  internal 
viscera.  The  marked  defect  and  irregularity  of  the  dentine  is  shown  in  figures 
4a,  4b,  4c,  and  4d.  It  is  seen  that  on  the  convex  surface  of  the  upper  incisors 
the  irregularity  in  the  arrangement  of  the  odontoblasts  is  such  that  these  have 
apparently  given  rise  to  predentine  both  on  their  external  and  internal  surfaces. 
They  are  thus  disposed  in  a  row  on  both  sides  of  which  is  uncalcified  dentine, 
and  are  connected  by  numerous  cell  strands  with  the  pulp.  The  concave  side  of 
the  tooth  is  calcium-free  throughout  its  entire  extent,  and  is  pierced  in  many 
places  by  isolated  spindle  cells  and  occasionally  by  capillaries.  The  changes  in 
the  ribs  and  femora  consisted  merely  of  an  increase  in  the  width  of  the  osteoid 
margins.     No  definite  alterations  were  found  in  the  cartilages. 

DISCUSSION. 

The  foregoing  protocols  show  that  lesions  of  the  bones  and  teeth 
were  observed  in  thymectomized  rats,  in  controls  of  the  same  litters, 
in  stock  animals,  and  in  a  rat  inoculated  with  bone  marrow  from  a 
thyiuectomized  rat  with  lesions  of  the  skeletal  system. 
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There  is  littl^  question  that  these  lesions  resemble  closely  those 
described  by  Morpurgo  (5),  in  1900,  as  infective  osteomalacia  of 
white  rats.  In  his  subsequent  investigations,  extending  over  many 
years,  Morpurgo  showed  that  in  young  animals,  the  spontaneous 
disease  took  the  form  of  rachitis. 

From  the  spinal  cord  of  a  spontaneously  diseased  osteomalacic 
rat.  and  later,  from  the  spleen,  liver,  kidneys,  and  bones,  Morpurgo 
isolated  a  Gram-positive  diplococcus  with  a  tendency  to  form  chains 
in  fluid  cultures.  ^A'ith  pure  cultures  of  this  microorganism,  JNIor- 
purgo  was  able  to  produce  rachitic  lesions  in  young  rats,  and  osteo- 
malacia in  adult  rats  in  which  epiphyseal  growth  had  been  completed. 

The  clinical  course  of  the  disease  varied  in  different  rats,  in  part 
owing  to  variations  in  the  virulence  of  the  cultures,  in  part  appar- 
ently to  variations  in  the  susceptibility  of  individual  animals.  In 
some  cases  the  rats  became  greatly  emaciated,  and  died  from  the 
disease.  Other  animals  lived  for  over  a  year,  in  which  case  the 
bone  lesions  showed  evidence  of  healing. 

The  deformities  produced  also  varied  widely  in  different  rats. 
They  were  found  especially  in  the  vertebral  column,  the  thorax,  the 
scapulae,  the  posterior  extremities,  and  the  pelvis, — more  rarely  in 
the  anterior  extremities  and  the  maxillary  bones.  The  vertebral 
column  was  lordotic  and  scoliotic  in  the  dorsal  region,  kyphotic  in 
the  sacral  and  cervical  portions.  The  thorax  was  much  depressed 
along  the  insertion  of  the  pectoral  muscles,  and  along  the  line  of 
depression  the  ribs  were  enlarged  in  consequence  of  callus  forma- 
tion following  infractions  or  complete  fractures.  Small  beads  of 
callus  were  also  seen  along  the  paravertebral  line,  or  scattered  irreg- 
ularly along  the  course  of  the  ribs.  The  cartilages  were  also  tor- 
tuous, nodose,  and  j'ellowish. 

The  femora  were  rarely  curved  or  bent,  and  only  when  the  pres- 
ence of  callus  indicated  a  previous  fracture.  The  diaphysis  was 
often  greatly  enlarged,  the  medullary  cavity  eccentric  or  narrowed. 
The  tibia  was  often  bent  at  an  angle  between  the  upper  and  middle 
thirds. 

The  microscopic  examination  of  the  bones  disclosed  a  pic- 
ture which  was  identical  with  that  seen  in  human  rickets  or  osteo- 
malacia. Schmorl  and  others  have  accepted  the  morphological 
identity  of  the  lesions  in  the  rat  with  those  of  human  rachitis. 


494  Effects  of  Extirpation  of  Thymus  in  Rats. 

I  have  not  found  in  Morpurgo's  numerous  papers  any  reference  to  changes 
in  the  teeth.  Weichselbavim  (6),  however,  reported  finding  lesions  in  the  teeth 
in  three  spontaneously  rachitic  rats,  which  he  describes  as  follows : 

"  The  dentine  of  the  incisors  nowhere  shows  a  uniformly  calcified  zone,  but 
the  zone  adjacent  to  the  odontoblasts,  i.  e.;  the  younger  layer,  was  completely 
bereft  of  calcium,  and  thus  appeared  pale  red  in  hematoxylin-eosin  preparations, 
whereas  the  older  layers  were  either  wholly  calcium-free  or  unevenly  calcified, 
in  which  case  they  contained  numerous  blue  dentine  globules  separated  by  pale, 
so  called  interglobular  spaces.  One  sees  further  that  from  the  odontoblast  layer, 
capillary  loops  penetrate  more  or  less  deeply  into  the  dentine.  In  one  of  the  two 
rats  one  of  the  upper  teeth  was  broken  off." 

Weichselbaum  calls  attention  to  the  close  resemblance  of  these  changes  found 
in  the  spontaneous  rachitis  of  rats,  to  the  lesions  found  by  Fleischmann  (7)  in 
the  teeth  of  human  rachitic  subjects,  and  especially  to  the  dental  changes  de- 
scribed by  Erdheim  (8)  and  Toyofuku  (9^  as  following  parathyroidectomy  in 
rats.^  Hohlbaum  (10).  also,  confirming  Erdheim"s  findings,  noted  ixi  two  spon- 
taneously affected  rachitic  rats  identical  lesions  in  the  teeth.  Furthermore,  Iselin 
(11).  in  his  study  of  the  effects  of  parathyroid  extirpation,  found  rachitic-like 
changes  in  the  epiphyses  of  those  rats  which  survived  for  a  longer  period,  and 
attributed  them  to  the  loss  of  parathyroid  function. 

Defective  calcification  of  the  dentine,  and  penetration  of  the  iin- 
calcified  tissue  by  blood  vessels  and  isolated  cells  from  the  odonto- 
blast layer,  regarded  by  Erdheim  and  his  successors  as  characteristic 
of  parathyroid  deprivation,  were  obser\ed  also  in  many  of  the  rats 
described  above.  In  one  rat,  there  occurred  a  spontaneous  fracture 
of  the  tooth.  Less  marked  in  my  rats  was  the  infolding  and  dis- 
arrangement of  the  emaloblast  layer;  but  this  appears  to  be  of  sec- 
ondary importance  also  in  the  lesions  attributed  to  parathyroidec- 
tomy,  and   when   present   is   probably   due   to   mechanical   causes. 

The  question  arises,  therefore,  whether  Erdheim,  who  was  famil- 
iar with  the  spontaneous  rachitic  lesions  of  rats,  was  justified  in 
attributing  these  changes  to  parathyroid  insufficiency.  Erdheim 
(12)  has  brought  forward  his  transplantation  exijeriments  as  cru- 
cial proof  of  the  part  of  the  parathyroids  in  normal  calcification. 
The  "  Transplaiitations-strcifc  "  is  believed  to  correspond  exactly 
in  its  localization  with  the  period  of  functional  activity  of  the  im- 
l)lanted  parathyroid  tissue. 

This  would  be  entirely  convincing  were  it  not  for  the  fact  that 
such  alternating  layers  of  calcium-containing  and  calcium-free  den- 

^  This  resemblance  was  accepted  by  Erdlieim,  who  studied  Weichselbaum's 
specimens. 
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tine  not  infrequently  occur  as  spontaneous  rachitic  lesions.  They 
are  associated,  no  doubt,  with  remissions  and  exacerbations  of  the 
disease,  such  as  have  been  described  by  ]Morpurgo.  Figure  3  illus- 
trates the  striate  deposition  of  the  calcium  in  the  incisor  of  a  spon- 
taneously rachitic  rat."* 

Without  wishing  to  discredit  the  work  of  Erdheim,  supported  as 
it  is  by  other  facts  indicating  an  influence  of  the  parathyroids  upon 
calcium  metabolism,  one  cannot  but  emphasize  the  identity  of  these 
lesions  attributed  to  the  loss  of  parathyroid  function,  with  those  oc- 
curring in  the  spontaneous  rickets  of  rats. 

As  regards  the  infectivity  of  the  disease  and  the  nature  of  the 
inciting  organism,  studies  made  in  cooperation  with  Dr.  J.  G.  Hop- 
kins have  not  as  yet  led  to  conclusive  results.  The  occurrence  of 
rachitic  lesions  in  a  rat,  examined  twenty-eight  days  after  inocu- 
lation of  bone  marrow  from  a  spontaneously  rachitic  animal,  is  of 
doubtful  significance,  since  many  of  the  stock  animals  killed  at 
this  time  were  found  to  be  rachitic.  The  recent  experiments  of 
Koch  (13),  in  which  typical  rachitic  lesions  were  produced  in 
puppies  by  the  intravenous  injection  of  streptococci,  indicate  that 
the  infective  factor  has  to  be  reckoned  with  in  experiments  dealing 
with  the  effect  of  extirpation  of  ductless  glands  upon  bone  de\"el- 
opment  in  dogs  as  well  as  rats. 

Sufficient  evidence,  we  believe,  has  been  brought  forward  to  show 
that  the  bone  changes  described  by  Klose  are  in  no  way  related  to 
the  loss  of  the  thymus  gland,  but  occur  as  the  result  of  spontaneous 
disease.  It  is  difficult  indeed  to  understand  why  Klose  should  be- 
lieve that  his  "  experiments  on  rats  acquire  fundamental  significance 
in  view  of  the  experiments  of  Morpurgo  "  r'^  and  why,  in  the  same 
article,  he  should  imply  that  rats  are  amongst  those  species  which 
■are  practically  immune  to  spontaneous  rickets." 

As  regards  alterations  in  the  weights  and  microscopical  structure 
of  the  adrenals,  testes,  and  spleen,  which  might  point  to  a  correlation 
between  the  thymus  and  these  organs,  nothing  has  been  found  to 

*  This  appearance  is  pictured  in  figure  4,  plate  6/7.  of  Toyofuku's  paper  (9), 
where  it  occurred  in  a  rat,  forty-six  days  after  parathyroidectomy,  in  which  no 
transplantation  had  been  performed. 

°  Klose,  loc.  cif..  p.  4. 

"  Klose.  he.  cif.,  p.  7. 
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modify  the  negative  conclusions  reached  in  the  previous  paper.     An 
analysis  of  the  additional  figures  given  therefore  seems  unnecessary. 

CONCLUSIONS. 

Rachitic  changes  in  the  bones  and  teeth  occur  in  young  albino  rats 
as  the  result  of  spontaneous  disease,  possibly  of  infective  origin. 
This  disease  is  often,  but  not  always,  accompanied  by  an  arrest  of 
growth  and  malnutrition. 

There  is  no  valid  reason  for  attributing  such  lesions  to  the  loss 
of  thymic  function.  In  some  of  the  rats  showing  the  disease,  an 
unusual  number  of  mitoses  were  found  in  the  parathyroid  glands, 
but  no  evidence  of  injury  to  these  structures. 

It  has  not  been  found  possible  to  confirm  the  statements  of  Klose 
and  ^lagnini  as  to  the  fatal  effects  of  complete  thymus  extirpation 
in  rats. 

BIBLIOGR.\PHY. 

1.  Pappenheimer,  A.  M.,  The  Efltects  of  Early  Extirpation  of  the  Thymus  in 

-A.lbino  Rats,  Jour.  Exper.  Med.,  1914,  xix,  319;  Ueber  Thymusausschaltung 
bei  weissen  Ratten,  Ccntralbl.  f.  allg.  Path.  u.  path.  Anat.,  1914,  xxv,  249. 

2.  Klose,  H.,  Thymusdriise  und  Rachitis,  Centralbl.  f.  allg.  Path.  u.  path.  Anat., 

1914,  xxv,  I. 

3.  Magnini,  M.,  Le  funzioni  del  timo  ed  i  rapporti  fra  timo  e  milza.  Arch,  di 

fisioL,  1913,  xi,  333. 

4.  Morgulis,   S.,  and   Gies,  W.  J.,  The  Calcium   Content   in  Bones  and   Teeth 

from  Normal  and  Thymectomized  Albino  Rats,  Jour.  E.vper.  .Med..  1914, 
XX,  499. 

5.  Morpurgo,  B.,  Ueber  eine  infectiose  Form  der  Knochenbriiehigkeit  bei  weis- 

sen Ratten,  Verhandl.  d.  deutsch.  path.  GescUsch.,  1900,  iii,  40;  Ueber  eine 
infectiose  Form  der  Osteomalacie  bei  weissen  Ratten,  Beitr.  c.  path.  Anat. 
u.  s.  allg.  Path.,  1900,  xxviii.  620;  Durch  Infection  hervorgerufene  mala- 
cische  und  rachitische  Skeletveranderungen  an  jungen  weissen  Ratten, 
Ccntralbl.  f.  allg.  Path.  u.  path.  Anat.,  1902,  xiii,  113;  Studio  suU'inizio  del 
processo  rachitico  nei  ratti  albini,  Sperimcntale,  190S,  lix,  609;  SuH'osteo-- 
malacia  e  sulla  rachitide  dei  topi  albini  e  sui  rapporti  fra  le  due  malattie. 
Gior.  d.  r.  Accad.  di  med.  di  Torino,  1906,  xii,  17;  L'osteomalacie  et  le 
rachitisme  experimentaux.  Arch,  de  mcd.  e.rper.  et  d'anat.  path.,  1907,  xix, 
119;  Studio  sperimcntale  sull'osteomalacia  e  suUa  rachitide.  Arch.  p.  le 
sc.  med.,  1907,  xxxi,  i ;  Sulla  localizzazione  del  processo  di  osteom^iiacia  dei 
topi  albini,  in  rapporto  col  tiro  dei  muscoli,  Arch.  p.  le  sc.  med.,  1906,  xxx, 
551 ;  Ueber  die  infektiiise  Osteomalacie  und  Rachitis  der  weissen  Ratten, 
Verhandl.  d.  deutsch.  path.  GescUsch.,  1907,  xi,  282;  .Sulla  trasmizzionc 
della  osteomalacia  umana  ai  topi  bianchi,  Gior.  d.  r.  Accad.  di  med.  di 
Torino,  1908,  Ixxi,  3. 


THE  JOURNAL   OF   EXPERIMENTAL   MEDICINE  VOL.   XX. 


PLATE   22. 


D; ( 


Di- 
O- 


(^':!^7K**'i''riit-y"f!^'-r<a-^i4:d^^^ 


k$m^^^ 


m 


Di 

D2 


D2- 

Di- 

C- 


ad 


i'  •       ' 


(Pappenlieimer:  Effects  of  Extirpation  of  Thymus  in  Rat?.) 


THE   JOURNAL   OF    EXPERIMENTAL   MEDICINE  VOL.   XX. 


PLATE  23. 


Dj- 


Ui 


D2- 


D,,_/ 


Di- 


O- 
I- 


4a. 


L*ft< 


iMP4¥tff:33 


Di 


D2  — 

Di  - 


"-»i 


Di  ■ 


4d 


(Pappcnheimer:  Effects  of  Extirpation  of  Thymus  in  Riits. 


THE  JOURNAL   OF    EXPERIMENTAL   MEDICINE    VOL.    XX. 


PLATE   24. 


Fig.  5. 
(Pappenhelmer:  E.iferts  of  Extirpation  of  Thymus  in  Rats.) 


THE  JOURNAL  OF    EXPERIMENTAL  MEDICINE  VOL.    XX. 


PLATE  25. 


o 
6 


Alwin  M.  Pappenheimer.  497 

6.  Weichselbaum,    tJber   die    Veriinderungen    der    Zahne    bei    Rachitis    weisser 

Ratten,  Verhandl.  d.  dcutsch.  path.  Gesellsch.,  1909,  xiii,  49. 

7.  Fleischmann,  cited  by  Fischer,  G.,  Die  Zahne,  Handb.  d.  Path.  d.  Kindesalters, 

1913,  ii,  pt.  I,  431- 

8.  Erdheim,  J.,  Zur  Kenntnis  der  parathyreopriven  Dentin-Veranderung,  Frank- 

furter Ztschr.  f.  Path..  191 1,  vii,  238. 

9.  Toyofuku,    T.,    liber    die   parathyreoprive   Veranderung    des    Rattenzahnes, 

Frankfurter  Ztschr.  f.  Path.,  1911,  vii,  249. 

10.  Hohlbaum,  J.,  Beitrage  zur  Kenntnis  der  Epithelkorperchenfunktionen,  Beitr. 

z.  path.  Aitat.  it.  s.  allg.  Path.,  1912,  liii,  91. 

11.  Iselin,  H.,  Untersuchungen  iiber  die  Folgen  der  operativen  Entfernung  der 

Epithelkorperchen  bei  jugendlichen  Tieren,  Neurol.  Centralbt.,  191 1,  xxx, 
220. 

12.  Erdheim,  J.,  tJber  die  Dentinverkalkung  im  Nagezahn  bei  der  Epithelkorper- 

chentransplantation.  Frankfurter  Ztschr.  f.  Path.,  191 1,  vii,  295. 

13.  Koch,  J.,  Ueber  experimentelle  Rachitis,  Berl.  klin.  Wchnschr.,  1914,  Ii.  77,'?. 

836,  886. 

EXPLANATION  OF  PLATES. 
Plate  22. 

Fig.  la.  Rat  Oi.  Thymectomy.  Killed  after  120  days.  Upper  incisor,  con- 
vex side.     Di  =  calcium-free  dentine.     D2  :=  calcified  dentine.     O  =  odontoblasts. 

Fig.  lb.  Same  tooth,  concave  side.  Normal  relations  between  calcified  and 
uncalcified  dentine. 

Fig.  2a.  Rat  X2.  Thymectomy;  accessory  thymus.  Killed  after  151  days. 
Upper  incisor,  convex  side,  about  middle  of  tooth.  Defective  calcification  of 
dentine,  ingrowth  of  blood  vessels  from  odontoblast  layer.  D3  =  incompletely 
calcified  dentine.     C  ^  capillary. 

Fig.  2b.     Concave  side  of  same  tooth.     Same  designations. 

Fig.  2c.     Lower  incisor,  concave  side. 

Fig.  2d.    Lower  incisor,  convex  side. 

Plate  23. 

Fig.  3a.  Rat  X5,  control.  Killed  at  same  time  as  X2.  Upper  incisor,  convex 
side. 

Fig.  3b.     Upper  incisor,  concave  side.     Deposition  of  calcium  in  layers. 

Fig.  3c.     Lower  incisor,  convex  side. 

Fig.  3d.  Lower  incisor,  concave  side.  Alternating  striae  of  calcium-containing 
and  calcium-free  dentine. 

Fig.  4a.  Rat  Y8(3).  Injected  subcutaneously  with  suspension  of  bone  mar- 
row of  rachitic  rat  Y8.  Killed  after  28  days.  Upper  incisor.  Incomplete  calci- 
fication of  dentine.  Irregular  disposition  of  odontoblasts.  I  ==  islands  of  uncal- 
cified dentine.     P  =  pulp. 

Fig.  4b.  Upper  incisor,  concave  side.  Dentine  wholly  calcium-free.  Odonto- 
blast layer  indistinct. 
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Fig.  4c.    Lower  incisor,  convex  side. 

Fig.  4d.  Lower  incisor,  concave  side.  Dentine  entirely  uncalcified  and  con- 
voluted.    Ingrowth  of  odontoblasts  and  capillaries. 

Plate  '24. 

Fig.  5.  Rat  50.  Spontaneous  rachitis.  View  of  right  half  of  thorax  and 
vertebral  column. 

Pl.\te  25. 

Fig.  6.  Rat  50.  Section  of  rib,  low  power  drawing.  K=rzone  of  proliferat- 
ing cartilage.  Ki  and  K2  ^  islands  of  cartilage.  Oi  =^  osteoid  tissue.  02=:  cal- 
cified bone.  P^  ingrowth  of  periosteum.  V^  thickening  of  periosteum  (old 
callus?).     M  =  medullary  cavity. 
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BACTERIAL   ANTIFERMENTS. 

Studies  on  Ferment  Action.     XVII. *^ 
By  J.\MES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN.  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University.  Neiv  York.) 

The  resistance  of  bacteria  to  enzyme  action,  because  of  its  im- 
portance as  a  factor  in  the  defense  of  the  invading  organism  against 
the  destructive  agencies  of  the  host,  has  interested  several  observers, 
among  them  Kruse  (i),  Fermi  (2),  Kantorowicz  (3),  and  Wein- 
kopff  (4).  Influenced  possibly  by  the  epochal  advances  in  protein 
chemistry  and  by  the  fact  that  bacterial  antigens  are  probably  purely 
protein  in  character,  workers  in  immunology  have  naturally  investi- 
gated with  great  care  the  bacterial  proteins,  and  the  effect  of  proteo- 
lytic enzymes  upon  them. 

The  older  conception  that  bacteria  resisted  digestion  because  of  some  vital 
property  had  to  be  discarded  when  it  was  found  that  organisms  killed  by  chlo.ro- 
form,  toluol,  carbolic  acid,  etc.,  seemed  to  resist  digestion  as  well  as  viable  bac- 
teria. It  has  so  far  been  the  implied  idea  that  since  bacteria  contain  protein, 
such  protein  should  be  an  available  substrate  for  enzyme  action,  as  casein  or 
edestin  might  be  used ;  in  other  words,  that  the  bacterial  cell  represented  a  naked 
and  a  freely  exposed  mass  of  protein.  In  dealing  with  an  intact  cell  there  are, 
however,  certain  factors  which  would  indicate  that  this  position  is  untenable. 

Were  we  to  assume  that  bacteria  have  a  limiting  membrane,  such  a  membrane 
would,  if  an  analogy  to  plant  cells  is  permissible,  contain  no  protein  (Czapek  (5)  )  ; 
if  similar  to  animal  cells  they  would  probably  be  protected  by  a  predominatingly 
lipoidal  membrane  (Meyer,  Overton).  There  is,  of  course,  no  direct  evidence, 
although  with  the  exception  of  Hamm  (6)  there  has  been  a  uniformity  in  the 
reports  of  the  absence  of  nitrogenous  material  even  from  the  capsular  material 
derived  from  the  lower  organisms.  The  absence  of  cellulose  in  bacteria  is  of  no 
great  import,  for  many  of  the  true  fungi  have  no  cellulose  wall  and  are  protected 

*  Received  for  publication,  August  7,  1914. 

^  We  are  under  obligations  to  Dr.  \\'illiam  H.  Park  and  his  associates,  of  the 
New  York  Board  of  Healtli.  and  to  Dr.  A.  P.  Hitchcns.  of  Glenolden,  Pa.,  who 
have  kindly  placed  large  amounts  of  diphtheria  and  tubercle  bacilli  at  our  dis- 
posal;  and  to  Professor  Hans  Zinsser  for  numerous  courtesies. 
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only  by  a  delicate  membrane;  unfortunately  the  evidence  as  to  the  presence  or 
absence  of  chitin,  which  might  have  some  bearing  on  the  subject,  is  conflicting. 

Bacteria  do,  however,  contain  fats  and  lipoids  in  varying  amounts,  which, 
because  of  their  marked  eflfect  on  surface  tension,  would  for  purely  physical 
reasons  tend  to  become  concentrated  at  the  periphery  of  a  colloidal  system  such 
as  the  bacterial  protoplasm.  With  or  without  a  morphologically  distinct  limiting 
membrane  we  can  reasonably  assume  that  the  external  surface  of  the  bacterial 
cell  is  potentially  lipoidal.  Upon  such  a  substrate  we  should  expect  lipolytic 
rather  than  proteolytic  action.  Immunologists  have  recognized  that  in  cytolysis 
there  are  other  factors  than  such  distinctly  protein  manifestations  of  immunity 
as  are  exemplified  by  the  precipitin  and  agglutinin  reactions.  Zinsser  (7)  has  re- 
cently emphasized  this  fact.  In  this  connection  it  is  interesting  to  recall  again 
an  observation  of  Metchnikoff  (8).  Metchnikoff  noted  that  the  intestinal  tract 
of  the  larva  of  certain  insects  (moths)  was  free  from  bacteria,  and  reasoned 
that  this  absence  of  intestinal  flora  must  have  some  connection  with  the  nature 
of  the  enzymes  secreted  into  the  gastro-intestinal  tract.  He  calls  attention  to  the 
fact  that  these  insects,  utilizing  waxes  and  fats  to  a  large  extent,  must  secrete 
powerful  lipases. 

Oppenheimer  (9),  reviewing  the  subject  of  bacteriolysis  from  an  entirely  dif- 
ferent standpoint,  reaches  a  similar  conclusion.  He  says :  "  I  have  formerly 
classified  these  substances  (cytolysins)  among  the  ferments  because  the  view  was 
prevalent  that  the  destruction  of  the  cell  membrane  was  due  to  a  specific  proteo- 
lytic ferment."  This  view  must  be  discarded,  but  it  is  probable  that  we  may  later 
place  them  among  the  lipases  (10).  In  a  recent  paper  (11)  we  have  shown  by 
microchemical  analysis  that  bacteriolysis  is  not  necessarily  associated  with 
proteolysis. 

As  briefly  outlined,  the  failure  of  proteolysis  by  the  action  of 
proteolytic  ferments  on  the  intact  cell  offers  then  no  problem  in 
itself,  for  there  is  probably  no  exposed  protein  substrate  upon  which 
the  enzyme  may  act. 

Kantorowicz  (3)  has  probably  studied  the  subject  most  carefully.  He  con- 
firmed the  older  observations  of  the  absence  of  digestion  of  the  intact  cell 
whether  living  or  dead,  and  showed  that  heating  Gram-negative  organisms  to 
70°  C.  made  them  lose  their  power  of  resistance,  while  Gram-positive  organisms 
would  resist  digestion  even  after  boiling.  He  concluded  that  the  resistance  was 
due  to  an  anti ferment.  He  found  that  dried  organisms  were  as  resistant  as  fresh 
bacteria,  but  noted  that  after  drying,  grinding  in  a  mortar,  and  extracting  with 
acetone,  the  organisms  lost  their  resistance.  He  assumed  two  factors  to  be  con- 
cerned in  bacteriolysis,  one  of  which  had  to  do  with  the  overcoming  of  the  anti- 
ferment.  Kruse  (i)  did  not,  however,  agree  with  the  conclusion  of  his  pupil,  and 
doubted  that  an  antiferment  as  such  was  involved  in  the  resistance  of  the  organ- 
isms. He  inclined  to  the  view  that  differences  in  resistance  among  bacteria  were 
due  to  differences  in  permeabilitj'  of  the  organisms. 

Fermi  (2)  working  with  cultures,  introducing  ferments  into  culture  media, 
reached  conclusions  similar  to  those  of  Kantorowicz.  He  noted,  howe\cr,  that 
dried  organisms  were  less  resistant  than  those  freshly  killed. 
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The  foregoing  observations  were  made  by  using  suspensions  of 
organisms  either  hving  or  killed  in  various  ways,  to  which  the 
enzyme  was  added  and  the  resulting  digestive  effect  observed  by 
the  relative  clearing  of  the  suspensions.  This  method  is  open  to 
several  objections.  The  interpretation  of  the  results  is  inexact  and 
arbitrary,  depending  on  the  observer's  judgment,  and  varying  under 
different  conditions.  Probably  of  more  importance  is  the  fact  that 
solution  of  the  organisms  is  interpreted  as  proteolysis.  Solution 
of  a  bacterial  cell  may  be  largely  a  physical  process  related  most 
intimately  to  changes  in  its  lipoidal  constituents.  The  actual  pro- 
teolytic cleavage  is  a  purely  chemical  phenomenon  and  cannot  be 
determined  by  ocular  observation.  This  distinction,  to  which  Job- 
ling  and  Strouse  (lo)  have  previously  called  attention,  should  be 
clearly  kept  in  mind,  for  the  careless  use  of  these  terms  has  led 
to  considerable  confusion  in  the  interpretation  of  some  immuno- 
logical experiments.  There  is,  furthermore,  a  technical  error  in 
that  it  is  not  possible  by  the  means  so  far  employed  to  present  an 
approximately  equal  amount  of  substrate  for  the  enzyme  action, 
which  is  important  when  the  comparative  rate  of  digestion  of 
different  organisms  is  sought. 

In  order  to  obtain  results  which  would  be  free  from  the  ob- 
jections above  referred  to,  our  observations  have  been  based  ex- 
clusi\'ely  on  the  determination  of  non-coagulable  nitrogen  before 
and  after  digestion.  These  were  made  by  means  of  the  Folin 
method.  Only  by  such  a  method  can  we  determine  the  exact  per- 
centage of  digestion.  We  have  used  organisms  grown  on  agar  in 
large  f^at  bottles.  The  bacteria  were  washed,  dried  in  vacuo  at  a 
low  temperature,  and  then  ground  in  an  agate  mortar.  During  the 
process  of  drying  changes  must  occur  in  the  colloidal  state  of  the 
external  limiting  membrane,  so  that  the  uniform  resistance  of  vari- 
ous bacteria  to  proteoh^ic  action  while  intact  is  overcome,  and  the 
degree  of  resistance  remaining  should  be  an  index  of  the  actual 
anti ferment  power  of  the  different  organisms. 

One  other  physical  factor,  the  intimacy  of  the  lipoid-protein  com- 
bination, must  be  taken  into  consideration.  Numerous  workers 
have  poiiUed  out  that  the  lipoids  occurring  in  cells  are  so  closely 
combined  with  the  proteins  that  it  is  impossible  by  the  ordinary 
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extraction  methods  to  break  up  their  union.  This  can  be  accom- 
pHshed  only  by  a  complete  hydrolysis  of  the  protein.  Thus  the 
determination  of  bacterial  lipoids  by  means  of  extraction  in  the 
Soxhiet  apparatus  will  give  results  which  are  much  too  low,  the 
real  ratio  of  the  lipoidal  substances  being  obtained  by  extraction 
after  saponification.  We  have  noticed  during  the  course  of  the 
work  that  the  lipoids  from  the  Gram-positive  bacteria  are  propor- 
tionately extracted  more  slowly  by  means  of  lipoid  solvents  than 
from  the  Gram-negative  organisms. 

The  bacterial  emulsions  were,  as  a  rule,  made  up  in  a  i  per  cent, 
suspension.  When  fresh  organisms  were  used  an  effort  was  made 
to  have  the  bacterial  concentration  about  one  milligram  of  nitrogen 
per  cubic  centimeter.  The  total  non-coagulable  nitrogen  both 
before  and  after  digestion  was  determined  by  precipitating  the 
coagulable  protein  with  acetic  acid  and  salt,  boiling  for  ten  minutes,, 
filtering  through  kaolinized  hard  filter  paper,  and  making  the  usual 
Folin  determination  on  the  filtrate.  The  trypsin  used  was  freshly 
prepared  before  each  experiment  by  dissolving  a  dried  preparation 
in  physiological  salt  solution. 

The  lipoid  content  of  the  bacteria  was  determined  by  saponifying 
on  the  water-bath  for  two  hours  with  alcoholic  potash,  acidifying, 
and  extracting  thoroughly  with  ether.  The  iodin  value  of  the 
lipoids  was  obtained  by  the  usual  Wijs  method.  It  should  be 
noted,  however,  that  the  iodin  determinations,  while  often  re- 
peated, were  of  necessity  carried  out  on  very  small  amounts  of 
lipoids,  and  some  caution  must  be  observed  in  basing  conclusions  on 
single  observations.  When  it  was  not  possible  to  repeat  the  de- 
terminations, we  have  placed  a  question  mark  with  the  figure  to 
denote  the  fact.  Further  observations  which  we  hope  to  make  on 
larger  amounts  of  material  will  no  doubt  give  more  accurate  values. 
It  is  reasonable  to  assume  that  the  hpoid  extract  and  the  degree  of 
unsaturation  will  show  marked  fluctuations  under  the  varying  con- 
ditions of  growth,  nutrition,  age,  and  oxygenation,  and,  as  will 
be  noted,  the  variations  in  the  total  lipoid  content  of  different 
growths  of  the  same  organism  were  at  times  marked.  Lyons  (12) 
has  studied  the  influence  of  sugars  on  the  fat  content  of  bacteria, 
and  Cramer  (13)  has  carried  out  similar  experiments. 
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The  amount  of  lipoids  (including  fats)  has  been  determined  by 
several  observers,  as  shown  in  the  follow^ing  table  (table  I).  Inas- 
much as  the  majority  of  these  observations  were  made  by  simple 
ether  extraction,  the  values  given  are  in  some  instances  probably 
much  too  low. 

TABLE  I. 


Organism. 

Tubercle  bacilli   ^ 
Tubercle  bacilli 
Tubercle  bacilli 
Tubercle  bacilli 
Tubercle  bacilli 
Bacillus  mallei 
Diphtheria  bacillus 
Meningococci 
Pneumobacillus 
Anthrax  bacillus 
Bacillus  l^rodigiosus 
Bacillus  xerosis 


Lipoids  (including  fats). 

36-44  per  cent. 

40  per  cent. 

31.56  per  cent. 

37-57  per  cent. 

26.2-28  per  cent. 

7.91  per  cent. 

1.62  per  cent. 

5.94  per  cent. 

1.7  per  cent. 

7.8  per  cent. 
4.83  per  cent. 
8.06  per  cent. 


Observer. 

Baudran   (14). 

Kresling  (15). 

Levene   (16). 

de  Schweinitz  and  Dorset   (17). 

Hammerschlag  (18). 

de  Schweinitz  and  Dorset   (19). 

Dzierzgowski  and  Rekowski  (20). 

Ditthorn  and  Woerner  (21). 

Brieger  (22). 

Dyrmont  (23). 

Kappes  (24). 

Kappes  (24). 


PROTOCOL  L 
Effect  of  Lipoidal  Extraction  on  the  Rate  of  Digestion  of  Tubercle  Bacilli. 


Bacterial  suspension  i  c.c. 

Trypsin. 

Gross 
Total  nitrogen,      diges- 
tion. 

Diges- 
tion, per 
cent. 

Lipoid 
content, 
percent. 

Tubercle  bacilli=  (dried) 

Tubercle  bacilli  (extracted  with  ether, 
chloroform,  or  alcohol) 

Tubercle  bacilli  (extracted  in  Soxhlet 
apparatus)  (ether  120  hrs.;  alcohol 
100  hrs. ;  benzol  50  hrs.) 

0.2  CO.- 
0.2  c.c. 

0.2  C.C. 

0.55  mg. 
0.74  mg. 

0.80  mg. 

0.13 
0-33 

0.46 

23 
44 

57 

31  2 
9 

7 

The  suspensions  were  made  up  with  an  equal  amount  of  sodium  carbonate  solution. 

To  these  .we  can  add  the  following  determinations : 

Tubercle  bacilli   32.7  per  cent. 

Staphylococci   4.51-8.5     per  cent. 

Diphtheria  bacilli   5.5  -7.5    per  cent. 

Typhoid   bacilli    7.0  -8.2     per  cent. 

Colon  bacilli   4.2  -8.15  per  cent. 

Subtilis  bacilli    1.7  per  cent. 

There  are  no  available  determinations  of  the  iodin  values  of 

-  Previously  killed  by  boiling. 
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these  lipoids  with  the  exception  of  those  made  upon  the  waxes  and 
fats  of  the  tubercle  bacillus. 

The  values  which  we  have  found  are  as  follows : 

Tubercle  bacilli  20  for  total  lipoids ;  24.2  for  fatty  acids. 

Staphylococci  60-80 

Diphtheria  bacilli   80-110 

Typhoid  bacilli   33-38 

Colon  bacilli  32-40 

Subtilis  bacilli  44   (?) 

Tetanus   bacilli    44   (?) 

Having  previously  shown  that  the  unsaturated  fatty  acid  radical 
is  antitryptic  and  its  inhibition  proportional  to  the  degree  of  un- 
saturation  (25) ;  that  such  unsaturated  lipoids  can  be  isolated  from 
tubercle  bacilli  (26)  and  from  tuberculous  caseous  material  (27)  ; 
that  serum  antitrypsin  consists  of  similar  lipoids,  either  as  free 
fatty  acids,  as  esters  of  cholesterol,  or  combined  with  lecithin  (28), 
we  considered  it  reasonable  to  assume  that  bacteria  might  resist 
digestion  in  a  degree  proportional  to  the  amount  of  the  unsaturated 
lipoids  contained.  It  will  be  remembered  that  Kantorowicz  found 
that  the  anti ferment  was  removed  from  the  bacteria  when  they 
were  ground  up  and  extracted  with  acetone. 

INFLUENCE    OF    LIPOIDAL    EXTRACTION    ON    DIGESTIBILITY. 

We  first  determined  the  influence  of  lipoidal  extraction  on  the 
tryptic  digestion  of  tubercle  bacilli,  i  per  cent,  suspensions  of  (i) 
freshly  dried  organisms,  of  (2)  extracted  bacilli  (with  9  per  cent,  of 
lipoids),  and  of  (3)  extracted  bacilli  (with  7  per  cent,  of  lipoids) 
were  used.  The  rate  of  digestion  is  shown  in  protocol  I.  The 
organisms  used  in  this  work  were  obtained  from  Dr.  Kitchens  and 
had  been  killed  by  heating  at  high  temperatures.  In  addition  they 
were  old,  and  so  soine  of  the  unsaturated  fatty  acids  may  have 
become  oxidized. 

A  similar  result  was  obtained  with  other  organisms,  as  is  shown 
in  the  following  experiment  with  typhoid  and  colon  bacilli  (pro- 
tocol II).  Miiller  (29)  noted  that  typhoid  bacilli  from  which  the 
lipoids  had  been  extracted  were  more  easily  digested  by  leucocytes. 
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PROTOCOL  II. 

Effect  of  Lipoidal  Extraction  on  the  Rate  of  Digestion  of  Colon  and  Typhoid 

Bacilli. 


Bacterial  suspensions  i  c.c. 


Total  nitro-lNon-coagu- 
gen  I  '^ole  nitro- 


Substrate. 


Increase  in 
Gross  diges-      non-coagu-  I  .^^'ges- 
tion.  I  lable  nitro-    "°°-  P" 

gen.  «"t- 


Colon  bacilli 

Ether-e.\tracted    colon 

bacilli 

Typhoid  bacilli 

Ether-extracted  typhoid 

bacilli 


1.77  mg.  I  0.17  mg. 


1.60  mg.    0-545  (-0.17)   0.375  mg. 


1.87  mg. 

0.23  mg. 

1.08  mg. 

0.14  mg. 

i.o    mg. 

0.2    mg. 

1.64  mg. 
0.94  mg. 


0.66    (—0.14) 
0.8    mg.    0.87    (—0.2) 


23 


0.95    (-0.23)   0.72  mg.        44 
0.52  mg.        56 


0.67  mg.         84 


THE  LIPOIDS  AS  ANTIFERMENTS. 

We  have  previously  noted  that  the  lipoids  extracted  from  tubercle 
bacilli  were  antitryptic  when  saponified  (26).  That  the  same  is 
true  of  the  lipoids  from  other  organisms  is  shown  in  the  following 
experiment. 

Pure  cultures  of  staphylococci  and  of  colon  bacilli  were  removed 
from  bottles,  washed,  and  saponified.  After  acidification,  the 
lipoids  were  extracted  and  again  saponified.  The  soaps  were  then 
dissolved  in  physiological  salt  solution.  Various  amounts  were 
mixed  with  one  unit  of  trypsin,  incubated  for  thirty  minutes,  and 
casein  was  then  added  for  digestion.  In  another  set  of  tubes  the 
unsaponified  bacterial  lipoids,  suspended  in  salt  solution,  were  used 
in  equal  amounts.  The  relative  inhibition  will  be  noted  in  protocol 
III. 

PROTOCOL  III. 
Effect  of  Bacterial  Lipoids,  Saponified  and  Emulsified,  on  Tryptic  Digestion. 


Tube  No. 

Casein. 

Trypsin. 

Staphylo- 
cocci lipoids 
saponified. 

Colon 

lipoids 

saponified. 

Staphylo- 
cocci lipoids 
emulsified. 

Colon 

lipoids 

emulsified. 

Gross       ^. 
casein        Digestion, 
digestion,      per  cent. 

I 
2 

3 
4 
5 
6 

2  c.c. 
2  C.c. 
2  C.C. 
2  C.C. 
2  C.C. 
2  C.C. 

0 

O.I  C.C. 

O.I  c.c. 
O.I  c.c. 
O.I  c.c. 
O.I  c.c. 

0 

0 

2  C.C. 

0 

0 

0 

0 
0 
0 

a  c.c. 

0 

0 

0 

0 

0 

0 

2  c.c. 

0 

0            0.0     mg. 
0             1.66   mg. 
0             o.2i7mg. 
0             0.715  mg. 
0             1.33   mg. 
2  c.c.      1.54   mg. 

0 
100 
13 
43 
80 
92 

The  iodin  value  of  the  lipoids  was  97  for  those  from  the  staphy- 
lococci, and  32  from  the  colon  bacilli. 
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THE  COMPARATIVE  RATE  OF  DIGESTION. 

We  next  studied  the  comparative  rate  of  digestion  of  bacteria, 
and  the  relation  to  the  Hpoids  contained  in  the  bacteria.  Such  an 
experiment  is  shown  in  protocol  IV,  and  has  for  convenience  been 
charted  (text-figure  i).  As  a  lipoidal  antitryptic  index  we  may- 
multiply  the  percentage  of  lipoids  by  the  iodin  value,  as  determined 
for  the  organisms  used  in  this  experiment. 

PROTOCOL  IV. 
Comparative  Rate  of  Tryptic  Digestion  of  Bacteria. 


Bacterial  suspension  i  c.c. 


Total  nitro- 
gen. 


Non-coagu- 
lable  nitro- 


Substrate. 


Gross 
digestion. 


Increase  in 
non-coagu-  '  _^'ges- 
lable  nitro-   "o"-  V'r 
gen.  <:<^"t 


Diphtheria  bacilli ]  i  o    mg. 

Staphylococci :  0.83  mg. 


Typhoid  bacilli 

Typhoid  bacilli  (ether- 
extracted)  

Tubercle  bacilli  (ether- 
extracted)  


0.9    mg.  I  0.3s  mg. 

0.83  mg.  ]  0.12  mg. 
Colon  bacilli 0.8    mg.  I  0.12  mg. 


1.42  mg. 


0.12  mg. 
0.15  mg. 
0.21  mg. 


o  S8  mg. 
0.68  mg. 
1.21  mg. 

o.SS  mg. 
0.71  mg. 


o.28(— 0.12) 
o.3i(-o.is) 
0.5   (-0.21) 

0.66(-0.35) 

0.4   (—0.12) 


0.16  mg. 
0.16  mg. 
0.29  mg. 

0.31  mg. 

0.28  mg. 


0.68  mg.  I  o.39(— 0.12)     0.27  mg. 


18 
23 
24 

S6 

40 
40 


Diphtheria  bacilli    7  per  cent.  X  80  =  560 

Staphylococci    8  per  cent.  X  60  ^  480 

Typhoid  bacilli    8  per  cent.  X  30  ^  240 

Typhoid  bacilli   (extracted)    ?  ?  ? 

Colon  bacilli  4  per  cent.  X  40  :=  160 

Tubercle  bacilli   (extracted)    7  per  cent.  X  20  =  140 

This  offers,  of  course,  only  a  general  approximation,  and 
cannot  take  into  consideration  the  fact  that  the  lipoids  vary  no 
doubt  in  the  intimacy  of  their  connection  with  the  proteins,  a  factor 
which  must  influence  their  ability  to  protect  the  protein.  The 
digestion  as  determined  was  as  follows : 


Diphtheria  bacilli    18  per  cent. 

Staphylococci    23  per  cent. 

Typhoid  bacilH    24  per  cent. 

Typhoid  bacilli   (extracted)    S6  per  cent. 

Colon  bacilli  40  per  cent. 

Tubercle  bacilli   (extracted)    40  per  cent. 
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Digestion  in  percent 
60 


Anti- 

tryptic 
index 


400 


Diphtheria  Staphylococci  Typhoid        Typhoid  ether-extracted       Co  on         Tubercle  bacilli  extracted 

7^  X  80  8.    ■    60  8,   ■:  30  4.  -■:  40  7^,  •-  20 

Text-Fig.  i.  Relation  of  the  antiferment  index  to  the  rate  of  digestion  of 
various  organisms. 

These  figures  show  a  striking  paralleHsm  between  the  antitryptic 
property  and  the  Hpoidal  protecting  bodies. 

A  similar  experiment  can  be  shown  if  we  compare  the  rate  of 
digestion  of  the  Gram-positive  organisms,  the  hpoids  being  as 
follows : 

Diphtheria  bacilli  6.0  per  cent.  X  70  =  420 

Staphylococci     4.5  per  cent.  X  60  =  270 

Subtilis   bacilli    1.7  per  cent.  X  40  =  68 

PROTOCOL  V. 
Comparative  Rate   of  Digestion   of  Staphylococci  and   Diphtheria   and  Subtilis 

Bacilli. 


Bacterial  suspension  2  c.c. 

Total 
nitrogen. 

Non-coagu- 

lable 

nitrogen. 

Substrate. 

Gross  digestion. 

Increase 

in  non- 

coagulable 

nitrogen. 

Diges- 
tion, 
per 
cent. 

Staphylococci 

Diphtheria  bacilli 

Subtilis  bacilU 

1.54  mg.     0.375  rag.'   1. 17  mg. 
1.66  mg.     0.19    mg.i   1.47  mg. 
1.3    mg.  1  0.48    mg.i  0.82  mg. 

0.8      ( -0.37s) 
0.47    (-0.19) 
0.909  (—0.48) 

0.425 

0.27 

0.429 

.36 

52 
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The  organisms  digested  in  the  order  indicated,  the  digestion 
being  least  with  the  diphtheria  bacilH.  The  results  are  shown  in 
protocol  V  and  in  text-figure  2. 


Digestion  in  per  cent 
SO 


I 


Staphylococci  Diphtheria                   ^ul>tilis 

4.5^^  X  60  (J.,  X  70                I-?!*  X  40  (?) 

Text-Fig.  2.     Relation  of  the  antiferment  index  to  the  rate  of  digestion  of 
Gram-positive  organisms. 


THE   EFFECT   OF    HEAT. 

It  has  been  mentioned  that  a  difference  existed  in  the  resistance 
to  heat  of  the  Gram-positive  and  the  Gram-negative  organisms. 
This  is  shown  in  the  following  experiments. 


A  suspension  of  typhoid  bacilli  was  heated  at  50°,  60°,  70°,  and  100°  C.     The 
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tubes  were  then  subjected  to  the  action  of  trypsin.     The  percentage  of  digestion 
was  as  follows : 

50°  C.  =  31  per  cent. 

6o°C.  =  31  per  cent. 

70°  C.  =  36  per  cent. 

100°  C.  =  41  per  cent. 

As  Kantorowicz  (3)  has  found,  there  is  a  reduction  of  the  resist- 
ance after  heating  to  70^  C,  but  the  effect  is  not  so  striking  as  one 
might  expect  if  a  complete  destruction  of  the  antiferment  had 
resulted.  The  Gram-positive  organisms,  staphylococci  for  example, 
show  no  change  after  heating,  unless  it  is  a  slight  increase  in  the 
resistance.     The  percentage  of  digestion  was  as  follows : 

Unheated  =  55  per  cent. 

50°  C.  ==  54  per  cent. 

60°  C.  =  35  per  cent. 

70°  C.  =  41  per  cent. 

100°  C.  =  38  per  cent. 

In  a  second  experiment  the  results  were  as  follows : 

Unheated  organisms  =  16  per  cent. 

70°  C.  =:  18  per  cent. 

100°  C.  =  14  per  cent. 

LIPOIDAL  ADSORPTION  BY  BACTERIA. 

^^'e  have  previously  mentioned  that  bacteria  suspended  in  normal 
serum  are  able  to  adsorb  the  unsaturated  lipoids  from  the  serum, 
and  by  virtue  thereof  to  become  more  resistant  to  the  action  of 
trypsin  (30).     Such  an  experiment  follows. 

A  suspension  of  typhoid  baciUi  was  incubated  with  loc.c.  of  normal  guinea  pig 
serum  for  six  hours.  The  bacteria  were  then  centrifuged,  washed,  and  dried  at 
a  low  temperature.  Untreated  bacteria  were  used  as  a  control.  Emulsions  were 
prepared  containing  I  mg.  of  nitrogen  per  cubic  centimeter,  and  to  each  was 
added  o.i  c.c.  of  trypsin  solution  and  2  c.c.  of  a  0.5  per  cent,  solution  of  sodium 
carbonate.  Digestion  was  permitted  for  six  hours.  The  digestion  of  the  un- 
treated bacteria  was  75  per  cent.,  of  the  serum-treated  bacteria  23  per  cent. 

The  lipoidal  adsorption  can  be  shown  in  a  more  direct  manner,  as 
is  illustrated  in  the  following  experiment. 
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Dried  subtilis  bacilli  were  added  to  25  c.c.  of  horse  serum  and  incubated  for 
three  hours.  The  bacteria  were  then  washed  after  being  centrifuged  from  the 
serum.  The  lipoid  content  of  the  bacteria  and  of  the  supernatant  serum  was 
now  determined. 

Total  lipoids  in  25  c.c.  of  original  serura  0.083     gm. 

Total  lipoids  in  25  c.c.  after  incubating  with  bacteria  O.060    gm. 

0.023     gm.  loss. 

Weight  of  bacteria  recovered 0.6        gm. 

Lipoid  content  originally  present,  1.7  per  cent 0.0102  gm. 

Total  lipoids  recovered  from  bacteria  0.036    gm. 

Less  lipoids  originally  present  0.0102  gm. 

0.0258  gm.  gain. 

While  there  has  been  a  loss  of  0.023  of  ^  gram  in  the  ether- 
sohible  substances  from  the  serum,  the  bacteria  show  a  correspond- 
ing gain.  The  absorption  of  lipoids  is  made  especially  evident  in 
this  case  because  of  the  small  lipoid  content  of  the  organisms  used. 
The  lipoid  determinations  were  made  after  thorough  saponification 
of  both  bacteria  and  serum  on  the  water-bath  for  three  hours. 

DISCUSSION. 

Inasmuch  as  the  bacterial  lipoids  may  show  more  marked  fluctua- 
tions than  the  other  constituents,  the  quantity  depending  largely  on 
the  composition  of  the  nutrient  media  and  to  some  extent  on  the 
age  of  the  culture,  and  the  chemical  quality,  unsaturation,  being  sub- 
ject to  changing  oxidative  conditions,  we  are  of  the  opinion  that 
the  demonstration  that  the  anti ferment  property  of  bacteria  depends 
on  definite  quantitative  as  well  as  qualitative  differences  in  the 
lipoidal  constituents  of  the  bacteria  may  offer  the  itieans  of  solution 
of  some  still  obscure  problems  in  immunity.  Thus  in  the  study  of 
virulence,  depending  on  the  invasive  power  of  the  organisms  and 
on  their  resistance  against  the  defensive  mechanism  of  the  host  a 
partial  solution  might  be  found  in  a  comparative  study  of  the  lipoids 
under  different  conditions  of  bacterial  existence.  We  have  experi- 
ments under  way  to  elucidate  this  point.  So  too,  a  further  study 
of  the  adsorption  of  the  lipoids  from  the  serum  offers  an  attractive 
field.  While  in  this  process  the  resistance  of  the  intact  bacteria  to 
proteolytic  enzymes  is  not  increased,   for  on  such  organisms  the 
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enzymes  probably  find  no  substrate  upon  which  they  may  become 
fixed  and  active,  nevertheless  the  metabolic  processes  of  the  cell, 
depending  wholly  upon  the  rate  of  exchange  of  nutritive  and  ex- 
cretory products  through  the  cell  membrane,  must  be  profoundly 
altered.  Indeed  it  might  be  conceived  that  such  a  disturbance  of 
the  proper  functioning  of  the  membrane  would  under  some  condi- 
tions lead  to  the  death  of  the  cell.  On  the  other  hand,  an  absorp- 
tion of  serum  lipoids,  by  preventing  the  excretion  of  toxic  metabolic 
products,  such  as  leucocydins,  virulins,  etc.,  might  bring  about 
phagocytosis  of  organisms  otherwise  resistant.  That  the  so  called 
opsonins  are  closely  related  to  the  lipoids  seems  to  have  been  estab- 
lished by  the  work  of  Stuber  (31). 

That  the  bacterial  lipoids  influence  the  intracellular  proteolytic 
activity  becomes  apparent  when  we  compare  the  amount  of  non- 
coagulable  nitrogen  contained  in  various  organisms.  Thus  diph- 
theria bacilli,  with  a  high  antiferment  index,  have  only  from  5  to 
7  per  cent,  of  the  nitrogenous  material  in  a  non-coagulable  form, 
whereas  in  subtilis  bacilli,  with  a  low  antiferment  index,  a  corre- 
spondingly greater  protease  activity  is  indicated  by  the  presence 
of  from  33  to  35  per  cent,  of  the  total  nitrogen  in  a  non-coagulable 
form.  Staphylococci,  typhoid  bacilli,  and  colon  bacilli  occupy  an 
intermediate  position.  This  influence  is  analogous  to  the  effect  of 
the  antiferment  on  the  protein  metabolism  of  higher  organisms,  as 
we  shall  show  in  a  subsequent  paper.  " 

The  antiferment,  being  non-specific,  is  able  not  only  to  inhibit  the 
action  of  the  digestive  ferments,  but  is  probably  the  agent  concerned 
in  preventing  excessive  protease  action,  or  autolysis,  in  the  cells. 
It  is  easy  to  understand  that  with  the  death  of  the  cells  and  subse- 
quent development  of  an  acidity  because  of  the  failure  in  the 
remo\al  of  acid  waste  products,  the  antiferment  property  is  greatly 
lessened  by  changes  in  the  state  of  dispersion  brought  about  by  the 
increase  in  acidity.  This  lowering  of  the  antiferment  property  of 
the  unsaturated  lipoids  by  a  change  in  their  dispersion  is  most  easily 
demonstrated  with  serum  antitrypsin.  The  morphological  expres- 
sion of  the  process  is  possibly  to  be  found  in  the  development  of  the 
so  called  myelin  figures  found  in  cells  stained  during  the  early 
stages  of  autolysis.     It  is  probable  that  the  increase  in  the  rate  of 
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autolysis  following  the  addition  of  certain  inorganic  colloids  to  liver 
emulsions,  noted  by  Ascoli  and  Izar  (32),  depends  on  an  absorption 
of  the  lipoidal  antifennents. 

Kantorowicz  (3),  in  view  of  the  difference  in  behavior  of  the 
anti  ferment  in  Gram-negative  and  Gram-positive  organisms,  is  in- 
clined to  the  view  that  the  anti  ferments  are  in  this  case  different. 
It  seems  more  reasonable  to  assume  that  the  difference  noted  is  due 
to  a  purely  physical  condition.  It  is  possible  that  in  the  Gram- 
positive  organisms  the  lipoids  are  in  more  intimate  association  with 
the  protein  molecule,  so  that  when  dispersion  changes  are  brought 
about,  as  by  heating,  the  relative  protection  by  these  lipoids  re- 
mained unaltered.  This  idea  would  find  support  in  view  of  the  fact 
that  the  lipoids  from  Gram-positive  organisms  resist  extraction  by 
lipoid  solvents  to  a  greater  extent  than  do  those  from  Gram-negative 
bacteria. 

In  view  of  the  work  of  Tamura  (33),  definitely  showing  that  the 
bacterial  constituent  responsible  for  the  Gram  stain  is  lipoidal  in 
that  it  can  be  found  in  the  lipoid  extract,  and  as  the  unsaturated 
fatty  acids  and  their  salts  take  the  Gram  stain  easily,  because  the 
iodin  can  be  bound  to  the  unsaturated  carbon  atoms,  it  would  seem 
rational  to  seek  some  connection  between  the  degree  of  unsatura- 
tion  of  the  bacterial  lipoids  and  the  Gram  staining  ability.  From 
this  point  of  view  the  high  iodin  values  of  the  lipoids  from  diph- 
theria bacilli  and  staphylococci,  as  compared  with  those  of  typhoid 
or  colon  bacilli,  might  seem  significant,  were  it  not  for  the  fact 
that  in  the  case  of  the  tubercle  and  subtilis  bacilli,  the  results  are 
apparently  the  reverse.  Knudson  (34),  working  in  Gies's  labora- 
tory, finds,  however,  that  the  lipoids  from  tubercle  bacilli,  which 
have  a  low  iodin  value  (24),  contain  several  of  the  higher  unsatu- 
rated fatty  acids. 

As  a  result  of  our  study  we  are  inclined  to  emphasize  the  im- 
portance of  the  unsaturated  lipoids  as  representing  probably  a  most 
important  factor  in  the  regulation  of  the  proteolytic  activity  of  the 
cellular  metabolism,  due  to  the  fact  that  the  protein  lipoid  combina- 
tion resists  the  action  of  the  proteolytic, enzymes. 
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CONCLUSIONS. 

1.  Intact  bacteria  probably  resist  tryptic  digestion  because  of  the 
absence  of  an  exposed  protein  substrate. 

2.  Dried  organisms  resist  digestion  in  a  degree  proportional  to 
their  content  of  unsaturated  lipoids. 

3.  Lipoidal  extractives  reduce  the  resistance  to  tryptic  digestion. 

4.  The  extracted  lipoids  (saponified)  are  antitryptic  in  a  degree 
proportional  to  their  unsaturation. 

5.  The  inactivation  of  the  antiferment  in  Gram-negative  organ- 
isms is  probably  due  to  changes  in  the  degree  of  lipoidal  dispersion. 

6.  Bacteria  adsorb  lipoids  from  the  serum  when  incubated  at 
37°  C.  Such  organisms  when  dried  are  found  to  be  more  resistant 
to  tryptic  digestion  than  untreated  organisms. 
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PERIARTERITIS     NODOSA  — A     CLINICAL     AND     PATH- 
OLOGICAL    REVIEW     OF     THE     DISEASE 

WITH    A    REPORT   OF   TWO    CASES  * 
ALBERT     R.     LAMB,     M.D. 

NEW    YORK 

INTRODUCTION 

A  number  of  diseases  which  are  to-day  not  uncommon  and  which 
are  recognized  cHnically  without  much  difficuhy  were  at  one  time  quite 
rare,  owing  largely  to  the  fact  that  so  little  was  known  about  them  that 
they  either  escaped  notice  or  were  incorrectly  diagnosed.  It  is  quite 
possible  that  the  rather  rare  but  exceedingly  interesting  affection  known 
as  periarteritis  nodosa  is  a  case  in  point.  Most  of  the  cases  have  been 
obser\ed  in  Germany,  where  the  disease  was  first  recognized  and  where 
the  clinicians  and  pathologists  have  come  to  be  familiar  with  it,  whereas 
in  this  country,  where  the  disease  has  attracted  very  little  attention, 
only  three  cases  have  been  reported  up  to  the  present  tinie.^ 

Within  the  past  year  at  the  Presbyterian  Hospital,  we  have  had  the 
exceptional  opportunity  of  seeing  two  cases.  Including  these,  the  total 
number  of  reported  cases  now  numbers  but  thirty-eight.  Most  of  the 
reports  have  concerned  themselves  largely  with  the  pathologic  histology 
of  the  disease  and,  except  for  some  minor  diiterences  of  opinion,  this 
aspect  of  the  affection  has  been  well  covered.  We  are  still  quite  in  the 
dark  as  to  the  cause,  however,  and  many  of  the  histories  are  too  brief 
to  aid  greatly  in  arriving  at  a  correct  idea  of  the  symptom-complex. 
Indeed,  many  observers  are  inclined  to  the  belief  that,  barring  the 
presence  of  the  subcutaneous  nodules,  which  are  present  in  only  a  small 
minority  of  the  cases,  there  is  no  set  of  symptoms  on  which  a  diagnosis 
can  be  made.  One  cannot  escape  the  conviction,  however,  that  an 
increasing  familiarity  with  the  disease  may  lead  to  some  means  of 
diagnosis  whereby  more  cases  may  be  recognized  and  that  the  chance 
for  study  during  life  thus  afforded  may  clear  up  the  present  obscure 
etiology.  It,  therefore,  seems  most  desirable  that  all  cases  of  peri- 
arteritis nodosa  be  reported  as  completely  as  possible.  And,  in  view 
of  the  extreme  rarity  of  the  disease  in  this  country,  the  present  seems 
an  opportune  time  for  a  complete  review  of  the  known  facts  con- 
cerning it. 


*  From  the  Pathological  Department,  Presbyterian  Hospital.  Columbia 
University,  New  York. 

\.  The  two  cases  here  given  were  very  briefly  reported  at  the  New  York 
Pathological   Society  during  the   past  year. 


REPORT   OF   TWO   CASES 

For  permission  to  use  the  clinical  records  of  these  two  cases  I  am  greatly 
indehted  to  Drs.  Jaueway.  Bovaird  and  Lambert  on  whose  services  in  the 
hospital  they  occurred. 

Case  1. — Man,  aged  26,  mechanic,  ill  about  seven  weeks,  was  admitted  to 
the  hospital,  Dec.  7,  1912.     The  family  history  was  unimportant. 

Past  History. — The  patient  had  typhoid  at  the  age  of  4.  Two  years  ago 
he  had  an  attack  of  grip.  Venereal  disease  is  denied.  He  does  not  use  tobacco; 
lakes  an  occasional  glass  of  beer. 

Present  History. — For  the  past  two  years  patient  has  had  asthma.  At  first 
the  attacks  came  about  once  a  month,  lately  as  often  as  two  or  three  in  a  week. 
About  three  weeks  before  admission  he  noticed  hitense  itching  about  the  right 
ankle  and  in  eight  or  ten  hours  an  oval,  node-like  swelling  the  size  of  an  egg 
appeared.  The  overlying  skin  was  tense,  shiny  and  covered  with  bright  red 
macules  measuring  about  4  mm.  in  diameter.  The  swelling  gradually  lessened 
and  the  macules  underwent  the  color  graduations  of  a  contusion.  In  two  or 
three  days  the  swelling  and  eruption  had  entirely  disappeared.  Pain  and 
tenderness  were  severe  at  the  height  of  the  swelling,  disappearing  with  its 
subsidence.  The  night  after  the  swelling  appeared  he  had  a  severe  asthmatic 
attack  lasting  all  night.  Expectoration  was  quite  profuse  and  contained  clotted 
blood.  Since  then  he  has  had  a  purpuric  eruption  appearing  on  different  parts 
of  the  body  roughly  every  other  night  with  asthmatic  attacks  on  the  alternate 
nights.  .\11  parts  of  his  body  have  been  affected  except  the  face.  For  the 
past  two  weeks,  accompanying  the  rash,  he  has  had  severe  abdominal  cramps 
lasting  for  ten  or  twelve  hours  and  ceasing  after  vomiting.  Vomitus  consisted 
of  a  thin  green  liquid  with  a  few  blood-clots.  At  times,  with  the  appearance 
of  the  eruption  he  would  have  pains  in  various  joints  and  these  would  be 
swollen,  slightly  red,  tender  and  very  painful  on  any  motion.  Bowels  moved 
once  or  twice  a  day  and  were  normal  as  far  as  he  knows.  Appetite  is  good ; 
no  loss  of  weight ;  no  fever  or  night-sweats.  For  the  past  two  weeks  patient 
has  been  up  ten  or  twelve  times  at  nights  to  urinate. 

Physieal  Examination. — Pale  and  sallow.  Superficial  lymph-nodes  slightly 
enlarged.  Eyes  normal.  Gums  firm.  No  throat  lesions.  Lungs :  Moderate 
relative  dulness  at  right  apex  posteriorly ;  feeble  inspiratory  murmur  with  pro- 
longed expiration  and  high-pitched  piping  rales  over  all.  Heart :  Apex  in 
fifth  space,  10.5  cm.  to  left  of  mid  line ;  sounds  normal,  no  murmurs,  .\rteries 
small,  soft  and  just  palpable.  Blood-pressure  145-105.  .Mulonicn  rather 
full  and  tympanitic:  liver  not  felt;  edge  of  spleen  just  felt  at  costal 
margin  on  deep  inspiration ;  no  masses  or  rigidity.  Both  legs  show  numer- 
ous small  hemorrhagic  areas  in  various  stages  of  involution.  These  areas  vary 
in  size  from  petechiae  to  irregular  confluent  areas  about  1  cm.  in  length.  The 
larger  ones  are  grouped  about  the  ankles  and  are  deep  wine  color.  The  lesions 
are  somewhat  raised,  firm  and  dry  with  a  tendency  to  scaling.  On  the  left  thigh, 
just  above  the  knee,  there  is  a  large,  somewhat  elevated,  firm  area  the  size  of 
the  last  joint  of  the  thumb.  It  is  pale  green,  somewhat  tender  and  apparently 
in  the  course  of  the  internal  saphenous  vein  but  not  connected  with  it.  On  the 
right  thigh  there  is  an  elongated,  raised  area  measuring  3  by  1  cm.  It  is  red- 
dish brown  with  dark  red  spots  in  the  center,  is  very  slightly  tender  and  for 
its  wdiole  length  lies  over  a  superficial  vein.  About  the  knees  there  are  a  few 
pale  green  discolorations.  Over  the  lower  end  of  the  right  tibia  there  is  an 
irregular  depressed  ulcer.  It  is  dry  and  the  floor  is  made  up  of  a  deep  red 
blood-clot.  Below  the  left  patella  there  is  some  thickening  in  the  region  of 
the  bursa,  with  slight  pain  on  flexion  of  the  leg.  The  most  probable  diagnosis 
seemed  to  be  Schonlein's  "purpura  rheumatica." 

Course. — The  temperature  on  admission  was  100.4  F.,  gradually  falling  to 
normal   on  the   fifth   day.     It  remained   normal   for  three   days   and   then   rose 


gradually  to  101.8.  In  a  few  days  it  was  again  normal  and  then  subnormal  for 
five  days.  There  was  another  short  rise  to  100.4.  followed  by  another  normal 
period  and  a  terminal  rise  to  102.  The  pulse  varied  between  85  and  130  and 
was  generally  more  rapid  than  one  would  expect  for  the  temperature.  When 
the  temperature  was  subnormal,  the  pulse  was  between  80  and  110. 

Urine. — Eight  examinations.  The  specific  gravity  varied  between  1.010  and 
1.018.  There  was  always  a  trace  of  albumin  present  and  on  five  occasions  it 
was  estimated  at  from  0.15  to  0.22  per  cent.  No  sugar  was  found.  There  were 
always  hyaline  and  granular  casts  present  and  at  times  epithelial  and  waxy 
casts  as  well ;  also  a  moderate  number  of  leukocytes  and  a  few  to  many  red 
blood-cells. 

The  blood-counts  showed  the  following  result : 


Date 

R.  B.  C. 

Hb. 

W.  B.  C. 

Polys. 

Lymphos. 

L.  Monos. 

Eosin 

No. 

Pet. 

No. 

Pet. 

Pet. 

Pet. 

Pet. 

Decemlier    9 

75 

17.200 

50 

14 

2 

34 

December  10 

3.500.000 

65 

20,200 

51 

11 

0 

38 

December  12 

32 

12 

5 

51 

December  31        3.384.000        42        20.900  58  17  2  23 

December  9:  Sputum  shows  many  red  blood-cells  and  ciliated  epithelial 
cells  but  no  Charcot-Leyden  crystals,  Laennec's  pearls  or  Curschmann's  spirals. 

December  12 :    Eye-grounds  negative. 

December  14:      Wassermann    reaction    (Noguchi   modification)    negative. 

December  17:  Since  yesterday  afternoon  patient  has  complained  of  con- 
stant, sharp  alidominal  pain  without  any  other  change  in  the  physical  signs.  No 
vomiting.     Stools  normal.     No  tubercle  bacilli  found  in  the  sputum. 

December  18 :  Phthalein  test :  Color  appeared  in  twelve  minutes.  Amount 
at  the  end  of  two  hours  too  small  to  estimate.  Sputum  bloody.  Coughs  less. 
Feels  better.  Abdominal  pain  has  disappeared.  Lips  and  nails  quite  cyanotic. 
No  tubercle  bacilli  in  sputimi. 

December  20 :  Slight  pain  in  the  shoulders  and  neck  this  morning.  Has 
a  considerable  amount  of  yellowish-green  sputum  with  considerable  fresh  blood. 
The  lungs  show  nothing  more  than  the  signs  of  asthma  and  bronchitis.  No 
pain  in  the  chest.     Considerable  relief  from  epinephrin. 

December  29 :  White,  rather  glistening  lines  are  seen  along  the  vessels  of 
the  left  retina  as  they  come  through  the  disk. 

December  31  :  Gastric  contents  :  Total  acidity,  38.  Free  hydrochloric  acid,  6. 
No  lactic  acid.  Moderate  reaction  for  blood.  No  ova  or  parasites  in  the  stool. 
A  second  phthalein  test  showed  the  color  in  seventeen  minutes,  but  the  amount 
at  the  end  of  two  hours  was  again  too  small  to  estimate. 

January  1  :  The  veins  and  glands  in  both  inguinal  regions  are  very  sore 
and  tender.     In  the  left  femoral  region  there  is  a  small,  red.  tender  area. 

January  2 :  There  is  more  redness  and  swelling  in  the  left  femoral  region. 
On  the  back  of  the  left  leg  there  is  a  slightly  swollen,  reddened  area  measur- 
ing about  4  by  6  cm.    The  right  hypochondrium  is  distinctly  tender  and  resistant. 

Jnuary  5 :  There  is  a  pericardial  friction-rub  present  this  morning  and  a 
pleural  friction-rub  at  the  left  base.  Lumbar  puncture :  Twenty  c.c.  of  clear 
fluid  obtained.     Cultures  sterile.     Urea,  0.323  per  cent.     Sodium  chlorid,  0.812. 

January  6:  Died  to-day  after  increasing  stupor  for  two  days.  Gradual 
failure  of  pulse  and  respiration  before  death.  During  the  last  sixty  hours 
voided  only  1,000  c.c.  of  urine.  The  blood-culture  taken  in  two-broth  flasks. 
January  3.  remained  sterile.  Blood-pressure  varied  between  135  and  165.  The 
urine  quantity  varied  between  690  and  1.920  c.c.  On  thirteen  days  it  was  below 
1,000  c.c. 

Post-Mortcin  Examination. — The  diagnosis  of  periarteritis  nodosa  was  not 
suspected  at  the  time  of  the  necropsy.  When  the  microscopic  sections  were 
examined  several  days  later  and  the  characteristic  lesion  found  in  the  kidney, 
the  organs  from  the  patient  were  again  carefully  examined ;  but  the  only  sug- 


gestion  of  arterial  lesions  was  found  in  the  heart,  where  there  were  one  or 
two  pin-head-sized  whitish  nodules  on  one  of  the  small  coronary  branches.  No 
nodules  were  found  in  any  of  the  other  organs.  Unfortunately,  none  of  the 
subcutaneous  tissue  in  the  regions  of  the  eruption  and  swellings  w'as  examined. 

The  essential  points  in  the  necropsy  were  the  following : 

The  body  is  strikingly  pale  and  considerably  emaciated.  There  are  ecchym- 
oses  about  the  right  knee  and  about  both  elbow-joints.  The  peritoneal  cavity 
contains  a  small  amount  of  cloudy  yellow  fluid,  and  the  intestines  show  a 
scattered  fibrinopurulent  exudate.  The  lungs  are  adherent  to  the  chest-wall 
and  to  the  outer  surface  of  the  pericardium  by  fresh  fibrinous  adhesions. 

Lungs :  Both  are  edematous  and  show  scattered  areas  of  bronchopneumonia. 
The  bronchi  are  intensely  congested  and  contain  mucopurulent  material.  The 
vessels  appear  normal. 

Bronchial  Lymph-Nodes :    Moderately  enlarged,  deeply  pigmented  and  firm. 

Heart :  The  pericardium  contains  about  SO  c.c.  of  cloudy  yellow  fluid ;  there 
are  several  fresh  fibrinous  adhesions  stretching  between  the  two  surfaces  and 
the  surfaces  are  covered  with  a  shaggy,  fibrinopurulent  exudate  and  show  scat- 
tered petechial  hemorrhages.  The  heart  is  not  enlarged.  There  is  a  small,  firm, 
irregular  nodule  at  the  base  of  one  of  the  pulmonic  cusps  and  the  mitral  cusps 
sliow  small,  irregularly  nodular,  reddish  vegetations,  the  largest  about  the  size 
of  a  small  pea.  The  other  valves  and  the  heart  chambers  show  no  change.  In 
general  the  heart-muscle  is  homogeneous  and  dull  reddish-brown,  but  there 
are  scattered  areas  of  a  more  dirty  yellow  color.  The  main  portions  of  the 
coronary  arteries  show  no  sclerosis.  The  aorta  is  smooth  and  elastic  through- 
out its  course. 

Spleen :  Measures  12  by  7  by  3  cm.  There  is  perisplenitis.  Otherwise  the 
organ  appears  normal. 

Liver :  Measures  29  by  19  by  6  cm.  There  is  a  small  area  of  superficial 
atrophy  in  the  right  lobe.     On  section,  the  liver  shows  no  abnormal  change. 

Gall-Bladder:    Normal.     Ducts  patent. 

Kidneys:  Left  measures  12  by  7  by  3.5  cm.  The  capsule  strips  easily,  expos- 
ing a  smooth  yellowish-pink  surface  with  a  rather  diffuse  mottling  of  yellow. 
On  section  the  cortex  does  not  average  more  than  5  mm.  in  thickness  and  is 
slightly  less  than  this  in  some  places.  The  striations  are  indistinct  and  quite 
distorted.  The  glomeruli  are  quite  distinct  as  colorless  dots.  The  pelvis  and 
ureter  are  normal. 

Right :  Measures  11.5  by  6  by  3.5  cm.  and  is  quite  similar  in  all  respects  to 
the   left. 

Adrenals  and  esophagus  appear  normal. 

Stomach :  Contains  a  little  brownish  fluid  and  a  moderate  amount  of 
mucus.  There  is  considerable  injection  of  the  mucous  membrane  and  a  few 
small  petechial  hemorrhages. 

Pancreas  and  Ducts  :       Normal. 

Mesenteric  Lymph-Nodes :  These  are  enlarged,  many  to  bean-size.  Several 
of  them  are  broken  down  and  ooze  creamy-yellow  pus  on  section. 

Intestines :  Show  nothing  more  than  a  few  areas  of  congestion  in  the 
lower  part  of  the  ileum. 

Bladder  and  Prostate:    Normal. 

Brain  and  Spinal  Cord :  Permission  could  not  be  obtained  for  their  exami- 
nation. 

Microscopic  Examination. — Lungs :  Many  sections  from  various  parts  of 
the  lungs  were  examined.  These  show  a  thickened  pleura,  extensive  pulmon- 
ary edema  with  congestion  of  the  alveolar  walls  and  swelling  of  the  alveolar 
epithelium  and  scattered  areas  of  hemorrhagic  bronchopneumonia.  Tliere  is 
some  increase  of  connective  tissue  about  the  bronchi  together  with  numerous 
mononuclear  wandering  cells  and  eosinophils.  Scattered  here  and  there  in  the 
alveoli  are  small  clumps  of  Gram-positive  cocci.    The  large  vessels  appear  quite 


normal  and  in  most  of  tlie  sections  even  the  smaller  arteries  show  no  change; 
but  one  does  find  a  few  small  arteries  both  about  the  bronchi  and  in  the  lung- 
tissue  proper  which  are  not  normal.  The  changes  consist  in  an  adventitial  and 
periarterial  infiltration  with  mononuclear  wandering  cells  and  eosinophils,  poly- 
morphonuclear leukocytes  being  almost  entirely  absent.  The  changes  are  gener- 
ally unilateral  or  at  least  more  marked  on  one  side,  and  the  media  and  intima 
are  normal.  An  occasional  small  artery  is  seen,  however,  whose  lumen  is  almost 
entirely  occluded.  These  changes  apparently  represent  an  early  stage  of  the 
lesion  seen  in  the  arteries  in  other  organs. 
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Fig.  1. — Case  1.  Section  of  a  small  Lornuary  branch  just  beneath  the  epi- 
cardium  showing  very  pronounced  periarterial  infiltration  with  a  small  area 
of  beginning  necrosis  on  one  side.  The  media,  while  still  intact,  takes  the  eosin 
stain  rather  strongly.  /,  intima;  E,  internal  elastica ;  M,  media;  A,  adventitia ; 
X,  periarterial  infiltration ;  Y,  area  of  beginning  necrosis. 

Bronchial  Lymph-Node:  In  the  capsule,  two  small  arteries  are  found  show- 
ing early  changes  similar  to  those  seen  in  the  lung.  The  arteries  in  the  gland 
itself  show  no  change.     There  is  considrable  pigmentation  and  hyperplasia. 

Vegetation  of  Mitral  Valve :  Consists  of  a  very  vascular  and  quite  cellular 
mass  of  connective  tissue  richly  invaded  by  mononuclear  wandering  cells.  On 
the  surface  is  an  irregular  thrombus  mass  containing  clumps  of  bacteria.  These 
appear  to  be  cocci.  Smears  from  these  vegetations  show  a  few  pairs  of  cocci 
surrounded  by  a  small  space  and  also  some  rather  fat   Gram-positive  bacilli. 


Heart :  The  pericardium  shows  an  acute  inflammatory  exudate.  There  is 
cloudy  swelling  of  the  muscle-fibers  and  patchy  interstitial  myocarditis  about 
the  vessels.  A  section  of  one  of  the  papillary  muscles  shows  a  most  extensive 
fibrosis  with  large  areas  of  granulation  tissue  and  wandering-cell  infiltration. 
Most  of  the  vessels  show  no  change.  Some  of  the  small  arteries,  while  show- 
ing no  changes  in  their  coats,  have  a  little  surrounding  cellular  infiltration,  the 
cells  being  generally  mononuclear  wandering  cells  and  eosinophils.  One  sec- 
tion, taken  through  one  of  the  tiny  macroscopic  nodules,  shows  the  periarterial 
character  of  the  lesion  very  well  (Figure  1).  It  affects  a  small  artery  just 
beneath  the  pericardium.  Tlie  lumen  is  narrowed,  being  encroached  on  by  the 
moderately  proliferated  intima,  and  contains  red  blood-cells,  among  which  are 
some  fibroblasts  extending  in  from  tl\e  intima.  The  intima  is  thicker  on  one 
side,  its  te.xture  quite  loose  and  its  cells  irregular  in  size  and  shape.     Some  of 
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Fig.  2. — Case  1.  Section  of  a  small  artery  in  the  muscular  coat  of  the 
stomach.  Represents  a  very  early  lesion.  The  intima  and  media  are  normal. 
The  clastic  lamellae  are  not  changed.  The  adventitia  is  loose  in  texture  and 
is  densely  infiltrated  with  eosinophils. 


them  are  quite  definitely  fibroblasts ;  others  look  like  distorted  endotlielial  cells. 
The  internal  elastica  is  well  preserved  except  at  one  point,  where  it  is  wanting 
opposite  a  small  necrotic  area  in  the  media.  The  media  appears  granular  and 
the  nuclei  indistinct  but  it  shows  no  cellular  infiltration.  There  is  no  character- 
istic hyaline  ring,  but  the  media  gives  one  the  impressioon  of  approaching 
toward  such  a  condition  as  seen  in  other  vessels.  The  fibers  appear  more  granu- 
lar and  take  the  eosin  stain  more  intensely.  The  adventitia  is  much  tliickened 
and  merges  imperceptibly  into  the  tremendous  periarterial  cellular  infiltration 
and  granulation  tissue.  The  cells  are  w-andering  cells,  fibroblasts  and  a  most 
striking  number  of  eosinophils.  Many  of  them  are  plasma-cells.  While  poly- 
morphonuclear leukocytes  are  scarce,  one  does  find  some.  All  of  these  cells 
infiltrate  the  surrounding  fat  for  a  considerable  distance.  At  one  side  there  is 
a  small  area  of  necrosis. 


Spleen :  Eosinophils  are  rather  strikingly  numerous  and  seem  especially 
attracted  to  the  vessels.  The  small  arteries  are  somewhat  thickened  but  none 
of  them  shows  any  characteristic  change. 

Liver :  Shows  cloudy  swelling  and  one  small  area  of  superficial  atrophy. 
Some  of  the  portal  spaces  show  a  little  increase  of  connective  tissue  with  a 
few  wandering  cells.     There  are  no  distinct  arterial  changes. 

Pancreas :  Shows  no  change  except  for  a  little  wandering-cell  infiltration 
about  one  or  two  of  the  small  arteries.  Mixed  with  these  cells  are  a  few 
eosinophils. 


Fig.  3. — Case  1.  Section  of  artery  in  kidney.  The  intima,  /,  is  much 
thickened  and  is  surrounded  for  two-thirds  of  the  circumference  by  the  internal 
elastic  lamella  which  does  not  show  in  drawing.  Just  external  to  this  is  the 
hyaline  ring.  H,  which  fuses  with  the  area  of  necrosis  at  Y.  Adventitia,  A, 
apparently  extends  outside  the  area  of  necrosis.  E,  internal  elastica  as  shown 
in  other  sections  stained  with  elastic-tissue  stain.  It  is  wanting  opposite  the 
area  of  necrosis. 


Mesenteric  Glands :  Many  small  arteries  are  seen  both  within  the  gland  and 
in  the  surrounding  tissue  which  show  early  changes. 

Stomach :  The  various  coats  of  the  organ  appear  normal.  In  one  section, 
in  the  muscular  coat,  there  is  a  cross-section  of  a  small  artery  (Figure  2^  which 
is  of  interest  as  it  possibly  shows  a  very  early  lesion.  The  intima  and  media 
appear  normal  and  the  elastic  lamellae  are  unchanged.     The  adventitia  is  loose 
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in  texture  and  cannot  be  differentiated  from  the  adjacent  tissue.  It  is  densely 
infiltrated  witli  eosinophils  and  a  few  cells  with  large,  oval,  vesicular  nuclei. 
No  further  change  is  made  out  in  tracing  the  vessel  through  serial  sections. 
While  one  cannot  be  certain  that  this  represents  a  very  early  change,  the  eosino- 
phils which  are  found  so  abundantly  in  the  lesions  elsewhere  seem  to  point  to 
this   conclusion.     Another   section  shows  a  typical  lesion  of  a   small  artery  in 
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Fig.  4. — Case  1.  Section  of  artery  in  adrenal.  The  intima,  /,  is  thickened. 
The  internal  elastica,  E,  is  intact  except  in  the  region  of  necrosis,  Y,  where  it 
has  disappeared.  The  hyaline  ring,  H,  in  which  one  can  still  make  out  the  cells 
of  the  media  lies  just  external  to  the  elastica  and  fuses  with  the  area  of 
necrosis  at  Y.  Adventitia,  A,  merges  imperceptibly  with  tlie  periarterial 
infiltration. 


the  submucosa.  An  elastic-tissue  stain  shows  the  internal  elastica  ending  abruptly 
after  encircling  about  one-half  the  circumference  while  the  external  elastica  is 
completely  gone.  Another  vessel  shows  similar  changes  but  with  an  added  com- 
plete  thrombosis. 

Intestines :  There  is  an  acute  inflammatory  peritoneal  exudate,  intense  con- 
gestion of  the  vessels  and  some  hemorrhages  in  the  mucosa.  A  number  of  the 
small  arteries  show  typical  early  changes  and  two  are  completely  thrombosed. 

Kidne}S :  These  show  the  most  striking  changes  of  any  of  the  organs,  and 
it  was  here  that  the  lesion  was  first  noticed.  In  this  place  (Figure  3)  the  lumen 
of  the  artery  is  small  and  the  intima  very  much  thickened,  being  composed  of 
a  loose  connective  tissue,  rich  in  fibroblasts  and  containing  a  few  eosinophils 
and  nuclear  fragments.  Surrounding  the  intima  for  about  two-thirds  of  the 
circumference,  the  internal  elastica  is  intact  but  swollen  in  places.  Just  out- 
side of  it  and  limited  by  it,  is  the  characteristic,  intensely  eosin-stained,  hyaline 
ring  in  which  one  can  still  make  out  the  cells  of  the  media.  It  gives  the  impres- 
sion of  being  a  more  advanced  stage  of  the  appearance  seen  in  the  section  of 
a  coronary  artery.  At  one  side,  the  elastica  has  disappeared,  the  hyaline  ring 
melts  into  an  area  of  necrosis  and  the  cellular  infiltration  of  the  adventitia 
breaks  through  into  the  intima.  The  adventitia  is  composed  of  young  connect- 
ive tissue  with  some  wandering-cell  infiltration  and  at  this  point  seems  to  extend 
outside  the  area  of  necrosis  which  is  mainly  in  the  media.  While  this  is  the 
most  advanced  lesion  seen  in  any  of  the  many  kidney-sections,  many  of  the 
small  arteries  show  similar  if  less  marked  changes.  There  is  an  exquisite  acute, 
subacute  and  chronic  glomerulonephritis,  the  glomeruli  showing  all  stages  of 
adherence  to  the  capsules  with  epithelial  crescents  and  hyaline  thrombi.  There 
is  an  extensive  diffuse  increase  of  connective  tissue  throughout  and  a  striking 
wandering-cell  infiltration  with  manj-  eosinophils  in  the  interstitial  tissue.  The 
vessels  are  all  congested  and  many  of  the  tubules  contain  blood.  Some  of  the 
tubules  are  practically  obliterated  while  some  are  dilated  and  cyst-like. 

Adrenals:  The  arteries  of  the  capsule  show  the  lesion  beautifully,  the  hyaline 
ring  being  especially  well  marked  (Figure  4).  As  in  the  kidney,  this  ring  is 
situated  just  outside  the  internal  elastica  which  is  preserved  for  about  two- 
thirds  of  the  circumference  and  then  melts  into  an  area  of  intensely  eosin-stained 
necrosis  in  the  media.  The  intima  is  loose  in  texture  and  rather  loculated.  The 
cells  are  large  and  contain  oval,  vesicular  nuclei.  There  is  an  intense  periarterial 
e-Kudate  and  granulation  tissue  with  many  eosinophils.  The  gland  itself  shows 
no  change. 

Bacteriologic  Findings  at  \ccropsy. — Heart-blood :  Two  broth-flasks  show 
colon  bacilli  and  Gram-positive  cocci  in  chains.  The  latter  were  overgrown 
by  the  former  and  were  not  isolated. 

Peritoneal  Exudate :  Smears  show  pus-cells  and  many  chain  cocci.  No  other 
bacteria.     Cultures  give  a  pure  growth  of  streptococci. 

Pericardial  Fluid :  Smears  show  unformed  detritus,  rarely  a  pus-cell.  No 
bacteria  found.     Cultures  in  broth  and  ascitic  glucose-agar  are  sterile. 

^Mesenteric  Lymph-Node:  Smears  show  cocci  in  chains  and  many  pus-cells. 
Cultures  not  taken.  Unfortunately  the  cultural  characteristics  of  the  strepto- 
coccus isolated  from  this  case  were  not  worked  out  so  that  it  is  impossible  to 
compare  it  with  the  organism  obtained  in  the  second  case. 

Careful  examination  of  many  sections  stained  for  bacteria  by  various  meth- 
ods failed  to  show  any  in  the  vascular  lesions  in  spite  of  the  fact  that  the 
necropsy  cultures  showed  a  bacteremia.  No  spirochetes  could  be  found  in  sec- 
tions stained  by  the  Levaditi  method. 

Case  2.- — Girl,  aged  10,  ill  five  weeks,  was  admitted  to  the  hospital  Jan.  18, 
1914.    The  family  history  was  negative. 

Past  History. — Five  years  ago  patient  had  a  slight  attack  of  pain  in  the 
epigastrium  somewhat  similar  to  the  present  attack  but  less  severe.  It  lasted 
only  one  day.    Had  measles  as  a  baby  and  diphtheria  five  years  ago. 
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Present  History. — Nine  daj's  before  admission  patient  was  taken  suddenly 
ill  in  the  night  with  severe  pain  in  the  epigastrium.  Felt  better  the  next  day 
and  was  up  and  about  for  two  days,  when  the  pain  came  on  again  and  she 
vomited  twice.  The  pain  was  sharp  and  well  localized  to  a  small  area  high  up 
in  the  midline.  Since  that  time  she  has  been  in  bed  and  has  had  the  pain  inter- 
mittently but  always  in  the  same  place ;  has  felt  feverish,  had  a  headache  and 
has  vomited  several  times.  Her  throat  was-  sore  but  has  been  better  for  the 
last  few  days.  She  says  that  she  had  blood  in  her  sputum  at  times.  No  pain 
is  felt  on  micturition  and  no  blood  appears  in  the  urine. 

Physical  Examination. — Patient  well  developed  and  large  for  her  age. 
Appears  acutely  ill.     No  eruption  present. 

Pharynx:  Reddened  and  shows  a  considerable  thin  nnicoid,  blood-tinged 
exudate.     The  left  tonsil  is  enlarged,  the  right  slightly  so. 

Tongue :    Dry  and  heavily  coated. 

Lymph-Nodes :    The  anterior  cervical  and  axillary  are  palpable. 

Heart :  Is  not  enlarged,  sounds  regular  and  of  good  force.  No  murmurs. 
Pulses  equal  and  regular.     Low  tension.     Walls  not  palpable. 

Linigs :    Clear  except  for  a  few  transient  rales  at  the  left  base. 

Liver  and  Spleen :    Not  palpable. 

Extremities :    Reflexes  normal.     No  edema. 

Abdomen :  There  is  general  abdominal  fulness  and  resistance  which  seems 
involuntary.  No  true  rigidity.  There  is  tenderness  over  the  whole  lower 
abdomen,  more  marked  on  the  right  side.  No  dulness  in  the  flanks.  No 
masses.  The  temperature  on  admission  was  102.6  F.  and  the  blood-count  showed 
33,100  leukocytes  with  93  per  cent,  of  polymorphonuclear  leukocytes.  A  diag- 
nosis of  appendicitis  was  made  and  she  was  operated  on  shortly  after  entering 
the  hospital.  The  appendix  and  peritoneal  cavity  were  found  to  be  normal. 
The  abdomen  was  explored  but  no  cause  found  for  the  symptoms. 

January  20:  Blood-culture,  two  broth-flasks  sterile. 

January  21  :  There  is  tenderness  and  evidence  of  fluid  in  both  knee-joints 
and  tenderness  in  both  hip-joints.     Heart  normal. 

January  22:  There  is  tenderness  in  the  left  shoulder-joint.  Temperature 
between  102  and  103.     Wassennann  reaction,  three  plus. 

January  23:  Shoulder  still  painful.  Signs  in  tlie  knees  have  cleared  up. 
Heart  normal.     Chill. 

January  27:  Right  knee  shows  a  small  amount  of  fluid.  Slight  amount  of 
edema  in  the  region  of  the  Achilles  tendon  of  both  legs.  The  abdomen  is  dis- 
tended in  its  upper  half  but  not  tender.  No  dulness  in  the  flanks.  Spleen  not 
palpable.  Heart  and  lungs  normal.  There  is  a  little  edema  of  the  depend- 
ent part  of  the  back. 

January  28 :  Throat  culture  shows  a  predominant  streptococcus.  Patient 
seen  by  Dr.  Janeway,  who  believes  that  she  is  suft'ering  either  from  sepsis  fol- 
lowing a  streptococcus  sore  throat  and  has  a  toxic  nephritis  or  that  she  has 
nephritis  following  an  unrecognized  scarlet  fever.  Transferred  to  the  medi- 
cal service.  During  her  stay  on  the  surgical  side  the  urine  showed  a  specific 
gravity  of  between  L012  and  1.028.  Albumin,  from  a  very  faint  trace  to  a 
trace.  A  few  to  many  hyaline  and  granular  casts.  No  red  blood-cells.  A 
blood-count  taken  January  19  showed  26.200  leukocytes  with  92  per  cent,  of 
polymorphonuclears,  and  one  taken  January  28  showed  practically  the  same. 
The  temperature  varied  between  101  and  103.6  for  a  week.  It  was  then  lower 
reaching  normal  January  27  and  on  the  following  two  days  was  between  99 
and  100.4.  The  pulse  corresponded  with  the  temperature,  varying  between 
74  and  128.  The  surgical  diagnosis  was  acute  tonsillitis,  acute  nephritis  and 
acute  toxic  arthritis.  She  was  apathetic  at  times,  quite  thirsty  and  vomited 
repeatedly. 

On  admission  to  the  medical  ward  her  physical  examination  was  unchanged. 
There  was   tenderness   over  the  whole   abdomen,   most  marked  in   the   midline 
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above  the  umbilicus.  Very  slight  edema  of  the  back.  The  right  wrist  was 
somewhat  stiff  and  painful  on  motion.  The  right  shoulder  was  somewhat 
painful. 

January  29:  White  blood-cells.  17.000;  polymorphonuclears,  95  per  cent.; 
lymphocytes  5  per  cent. 

February  1 :  Liver  felt  2  inches  below  the  costal  margin.  White  blood-cells, 
52,000 ;  polymorphonuclears,  95  per  cent. ;  lymphocytes,  4  per  cent. ;  large  mono- 
nuclears, 1  per  cent. 

February  2:  Blood-culture,  two  broth-tlasks  sterile.  Patient  is  quite  drowsy. 
There  is  a  mottled  erythema  over  the  upper  part  of  her  forearms. 

Februar\'  3 :  White  blood-corpuscles,  66,000 ;  polymorphonuclears,  95  per 
cent. ;  lymphocytes.  5  per  cent.  There  is  a  systolic  murmur  at  the  apex.  The 
eruption  has  disappeared.  General  condition  improved.  The  right  wrist  is 
swollen  and  painful  on  motion. 

February  5 :  White  blood-corpuscles,  39,800 ;  polymorphonuclears,  90  per 
cent. ;  lymphocytes,  9  per  cent. ;  large  mononuclears,  1  per  cent.  Wassermann 
reaction  negative.     Blood-culture,  two  ascitic  glucose-agar  plates,  sterile. 

February  6:  Metacarpophalangeal  joints  of  both  hands  swollen  and  tender. 
Right  wrist  better.  There  is  a  dusky  mottling  of  the  face,  whole  trunk  and 
extremities,  especially  over  the  back  and  shoulders.  It  is  in  the  nature  of  a 
diffuse  erythema. 

February  7:  Vomitus,  175  c.c.  of  thick  yellow  fluid.  Total  acidity  24,  no 
free  hydrochloric  acid.  Faint  reaction  for  lactic  acid.  Blood-count :  White 
blood-corpuscles,  40,400 ;  polymorphonuclears,  75  per  cent. ;  lymphocytes,  27 
per  cent. 

Febniar}-  10:  Temperature  is  lower  and  joints  have  cleared  up.  For  the 
past  three  days  has  suffered  from  paroxj'sms  of  abdominal  pain  and  complains 
of  pain  on  the  slightest  pressure.  There  is  no  rigidity.  Rectal  examination 
negative. 

February  11:  White  blood-corpuscles,  26,600;  polymorphonuclears,  88  per 
cent. ;  lymphocytes,  12  per  cent.  Vomitus,  155  c.c.  of  a  dark  brownish  fluid. 
Faint  reaction  for  blood.  Total  acidity  8,  free  hydrochloric  acid  4.  No  lactic 
acid.  Stool :  Yellow,  fluid  ;  contains  small  flecks  of  mucus ;  moderate  reaction 
for  blood  ;  urobilin,  moderate.  Microscopic  examination :  Mucus,  red  cells,  pus- 
cells  and  epithelial  cells.     No  ova  or  parasites. 

February  14 :  Patient  died.  For  the  preceding  week  was  very  apathetic 
and  disliked  to  be  moved  or  examined.  Lay  on  her  side  with  legs  drawn  up. 
At  times  severe  abdominal  pains  were  present  which  generally  required  morphin 
for  relief.  The  pain  seemed  to  be  more  in  the  region  of  the  umbilicus.  There 
was  tenderness  or  hyperesthesia  over  the  whole  abdomen,  but  no  resistance  or 
rigidity.  No  signs  of  fluid.  Vomited  two  or  three  times  a  day,  generally  after 
taking  food.  On  the  day  of  death,  suddenly  awoke  early  in  the  afternoon,  cried 
out  on  account  of  severe  abdominal  pain,  attempted  to  throw  off  the  bedclothes, 
became  very  cyanotic  and  had  a  very  rapid,  almost  imperceptible  pulse.  Relieved 
by  morphin  and  went  to  sleep.  About  three  hours  later  she  cried  out  again, 
gave  a  few  gasping  respirations  and  died. 

Her  temperature  varied  between  99  and  103.2.  during  the  last  week  between 
99  and  101.5.  Pulse  corresponded,  in  rate,  ranging  between  74  and  120.  Blood- 
pressure,  from  104  to  60.  Urine :  Twelve  examinations  showed  the  specific 
gravity  quite  constant  between  1.012  and  1.018,  with  from  a  trace  to  a  very  faint 
trace  of  albumin,  generally  a  very  faint  trace.  Most  of  the  examinations  showed 
hyaline  and  granular  casts.  The  amount  of  urine  varied  between  150  and 
1,600  c.c,  being  1.000  c.c.  or  over  on  only  three  occasions. 

Post-Mortem  Examination. — Two  and  one-half  hours  post  mortem.  The 
body  is  that  of  a  strikingly  pale,  moderately  wasted  young  girl.  There  is  a  lit- 
tle pufiiness  of  the  eyelids  and  slight  edema  of  the  ankles.  No  subcutaneous 
nodules    found.     The   abdomen   is   moderately   distended.     None   of   the  joints 
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appears  swollen.  The  abdomen  contains  about  300  c.c.  of  clear  amber  fluid. 
The  peritoneal  surfaces  are  smooth  and  glistening  except  for  a  few  small 
shreds  of  fibrin  over  the  intestinal  coils.  The  appendi.x  is  missing,  the  omentum 
being  adherent  to  the  stump.  No  nodules  seen  on  any  of  the  vessels.  On  open- 
ing the  thorax,  the  lungs  are  found  partially  collapsed  and  retracted,  exposing 
a  large  precordial  surface.  There  is  about  100  c.c.  of  clear  fluid  in  each  pleural 
cavity  and  the  same  amount  in  the  pericardial  sac.  The  diagnosis  was  imme- 
diately apparent  on  exposing  the  heart,  the  coronary  branches  showing  numer- 
ous characteristic  nodules   (Fig.  S).     The  heart  weighs  320  gm. 


\ 
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Fig.  5. — Case  2.     Heart  showing  thickly  set  nodules  on   coronary  branches 
with  overlying  petechial  hemorrhages. 


Right  Coronary:  At  the  origin  of  the  infundibular  branch  there  is  a  globular 
swelling  measuring  6  mm.  in  diameter,  filled  with  a  graj'ish-red  adherent  throm- 
bus. Near  the  termination  of  this  branch  there  is  a  small  yellowish-white 
Qodule  of  about  2  mm.  in  diameter.  The  transverse  branch  is  almost  occluded 
by  connective  tissue  but  shows  no  nodules.  The  marginal  branch  shows  a 
small  aneurysmal  dilatation,  partially  filled  with  thrombus  just  after  it  leaves 
the  main  artery.  In  the  rest  of  its  course  and  in  its  branches  are  numerous, 
often  closely  set,  oval  and  globular,  firm  swellings,  the  largest  measuring  about 
3  mm.  in  diatneter.  On  section,  these  appear  as  partially  occluded  vessels  with 
a  verj'  thick  whitish  peripliery.  Tlie  descending  branch  shows  no  external 
change. 
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Left  Coronary:  Tlic  iikuti  stem  is  free.  The  first  portion  of  llie  descending 
brancli  is  quite  tortuous  and  contains  a  tlirombus.  A  little  further  on  there  is  a 
bluish-red  aneurysm  measuring  1  by  0.5  cm.  and  showing  a  few  petechial  spots 
over  it.  It  is  filled  with  a  thrombus.  Near  the  apex  there  are  a  few  firm  nodu- 
lar swellings.    The  transverse  branch  shows  similar  nodules  and  in  tlie  branches 


Fig.  6. — Case  2.  External  view  of  kidney  showing  numerous  dark  raised 
areas  due  to  hemorrhagic  infarcts  separated  by  sunken  grayish  tissue.  The 
main  renal  artery  and  branches  show  no  nodules. 

which  it  gives  off  over  the  anterior  and  posterior  surfaces  of  the  ventricles 
there  are  numerous  firm  nodules,  the  largest  measuring  2  or  3  mm.  in  diameter. 
Over  these,  discrete  and  conglomerate  petechial  hemorrhages  are  numerous. 
A  section  through  any  portion  of  the  heart-wall  shows  the  arteries  very  much 
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thickened,  the  lumen  generally  completely  occluded  or  represented  by  a  minute 
reddish  dot  and  the  adjacent  muscle  showing  irregular  yellowish  opaque  areas. 
The  veins  are  not  changed.  The  valves  and  the  various  chambers  of  the  heart 
are  all  quite  normal.     The  aorta  and  large  branches  show  no  change. 

Lungs :    Except  for  a  moderate  collapse,  the  lungs  appear  quite  normal  and 
one  cannot  make  out  any  changes  in  the  vessels  or  bronchi. 


Fig.  7. — Case  2.  Same  kidney  as  Fig.  6,  seen  on  section.  Shows  the  infarcts 
distinctly.  The  numerous  little  nodules  along  the  small  arteries  can  also  be 
made  out. 

Liver:  Weighs  1,400  gm.  The  surface  is  smooth  and  brownish  yellow  with 
irregular  areas  of  congestion.  On  section,  the  tissue  about  the  portal  vessels 
appears  a  little  increased  in  amount  and  the  vessels  a  little  thickened.  No  defi- 
nite nodules  seen. 

Gall-Bladder :  Contains  viscid  greenish  bile.  The  mucosa  appears  normal 
and  the  ducts  are  patent. 


Il 
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Spleen :  Weighs  160  gin.  The  capsule  is  tense  but  smooth  and  the  organ  is 
quite  firm.  The  cut  surface  remains  quite  flat  and  the  pulp  is  firm.  The  color 
is  purplish  red  and  the  malpighian  corpuscles  are  unusually  numerous  and 
larger  than  normal.  One  obtains  the  impression  that  the  small  central  arteries 
are  slightly  thickened. 

Pancreas :  Is  large  and  of  normal  consistency.  On  section,  it  shows  nothing 
abnormal.     Xo  macroscopic  lesions  of  the  arteries  can  be  seen. 

Stomach :    Appears  quite  normal.     Xo  lesion  of  any  of  the  vessels. 

The  esophagus,  trachea,  larynx,  thyroid  and  parathyroids  appear  normal. 

Kidneys:  Are  quite  alike  (Figs.  6  and  7).  The  left  weighs  160  gm.  and 
the  right  ISO  gm.  The  fatty  capsule  is  moderately  thick  but  strips  easily.  The 
true  capsule  is  easily  removed  without  tearing  the  renal  surface  which  has  a 
most  remarkable  appearance.  It  is  coarsely  irregular  and  in  color,  a  mottled 
red  and  opaque  yellowish  gray  with  a  sprinkling  of  small  yellowish  points.  The 
raised  portions  are  a  deep  red  with  small  gray  dots.  They  are  abundant,  in 
the  aggregate  representing  fully  one-half  of  the  surface,  are  quite  irregular  in 
outline,  several  often  running  together  to  form  map-like  patterns  and  they  are 
separated  by  slightly  sunken,  dull,  opaque,  yellowish-gray  tissue  containing  flecks 
of  yellow.  The  same  appearance  is  seen  on  section.  The  cortex  averages  from 
6  to  8  mm.  in  thickness.  The  vessels  of  the  pyramids  are  much  congested.  The 
cortex  and  tissue  between  the  pyramids  has  a  rather  rough,  furred  appearance 
and  one  can  make  out  numerous,  small,  hard  pearly  gray  nodules  along  the 
course  of  the  vessels.  These  resemble  miliary  tubercles.  There  are  man}',  larger 
and  smaller,  deep  red  and  more  grayish-red,  necrotic-looking,  roughly  wedge- 
shaped  areas  extending  from  the  surface  deeply  into  the  cortex  and  in  places 
into  the  medulla.  These  correspond  with  the  raised  areas  on  the  surfaces. 
They  are  separated  by  slightly  sunken,  yellowish-gray  opaque  tissue  in  which 
are  tiny  nodules  and  flecks  of  yellow.  The  main  renal  arteries  and  their  larger 
branches  show  no  change.  An  attempt  was  made  to  inject  the  kidney  but  no 
gelatin  could  be  forced  through  the  vessels.  The  kidneys  were  almost  exactly 
like  the  colored  illustration  in  Dickson's  article. 

Adrenals :  These  are  of  normal  size.  On  section  there  are  several  small 
vessels  wdiich  seem  thickened  and  show  thrombi. 

Uterus :    Undeveloped.     The  tubes,  vagina  and  ovaries  all  appear  normal. 

Intestines :  Duodenum  normal.  In  the  ileum,  there  are  two  small,  widely 
separated  areas  w-hich  show  a  little  hemorrhage  of  the  crests  of  the  rugae.  In 
the  cecum,  there  is  a  small  cavity  at  the  appendix  stump  filled  with  reddish, 
grumous  material.  Otherwise  the  intestines  show  no  change  and  the  vessels 
are  quite  normal  in  appearance. 

Omentum  and  mesentery  are  normal. 

Mesenteric  lymph-nodes :  Moderately  enlarged  and  show  some  thickened 
vessels  with  thrombi  but  no  definite  nodules. 

Arteries :  The  celiac  axis  and  its  branches  show  no  change.  In  fact,  none 
of  the  larger  arteries  shows  anything  abnormal.  The  veins  are  quite  normal. 
The  blood  in  all  the  vessels  is  quite  fluid.  Permission  could  not  be  obtained 
to  examine  the  nervous   system,  joints  or  extremities. 

Microscopic  Examination. — Heart:  In  one  section,  taken  at  a  distance  from 
the  region  of  the  nodules,  the  muscle  appears  fairly  normal.  The  striations  are 
distinct  and  the  vessels  quite  normal  but  congested.  Around  one  small  vessel 
there  is  a  little  infiltration  with  wandering  cells  penetrating  between  the  muscle 
fibers.  Among  these  cells  there  are  a  few  eosinophils.  In  another  section  there 
are  several  irregular  areas  of  fibroblasts  replacing  the  muscle-fibers.  A  section 
through  the  largest  aneurysmal  nodule  shows  a  fair  sized,  dilated  vessel  com- 
pletely filled  with  an  adherent  thrombus  which  shows  an  invasion  of  fibroblasts 
from  the  vessel-wall.  The  wall  is  much  changed.  Only  in  one  small  area  is 
the  internal  elastica  present  and  here  it  is  in  direct  relation  with  the  thrombus. 
Immediately  external  to  it  there  is  a  ring  of  intensely  eosin-stained  material  in 
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which  nuclei  are  still  seen.  In  places,  the  media  appears  rarefied  and  shows 
spaces,  in  other  regions  the  vessel-wall  is  composed  of  fihrous  granulation  tissue. 
The  adjacent  heart-muscle  shows  granular  degeneration  and  irregular  fibrous- 
tissue  replacement.  Near  the  aneur\-sm  there  is  a  smaller  vessel  seen  in  cross- 
section.  One  can  make  out  a  delicate  endothelial  lining,  external  to  which  there 
is  a  very  loose  tissue,  internal  elastica,  homogeneous  hyaline  ring  and  a  marked 
adventitial  infiltration  with  mononuclear  wandering  cells  and  fibroblasts,  among 
them  an  occasional  eosinophil.  The  adjacent  heart-muscle  is  granular  and 
degenerated  and  shows  considerable  fibrous  tissue.  Another  vessel  is  seen  in 
which  the  infiltration  is  largely  perivascular.  A  final  heart-section  shows  a 
large  artery  filled  with  thrombus  showing  beginning  organization  about  the 
periphery.  The  heart-muscle  is  cloud}-  and  shows  scattered  wandering  cells 
and  considerable  fibrous  tissue.  In  the  artery,  the  elastica  is  quite  gone.  The 
homogeneous  hyaline  ring  is  quite  distinct  close  to  the  intima  and  at  one  point 
it  splits  into  two  layers  enclosing  a  granulation  tissue  containing  beautiful  fibro- 
blasts and  hemorrhage.  The  perivascular  tissue  is  very  cellular,  showing  fibro- 
blasts, wandering,  cells  and  many  eosinophils.  A  longitudinal  section  of  a  small 
vessel  shows  the  coats  normal  but  a  considerable  similar  cellular  exudate  in  the 
perivascular  tissue.  Eosinophils  are  numerous.  A  cross-section  of  another 
vessel  shows  the  lumen  filled  with  beautiful  granulation  tissue  and  in  another 
there  is  canalization  of  the  thrombus. 

Aorta :  Appears  normal.  Several  small  branches  at  the  side  of  the  aorta 
show  characteristic  changes  of  a  rather  late  type. 

Lungs :  The  lung-tissue  shows  slight  collapse  with  some  thickening  of  the 
alveolar  walls.  Sections  taken  near  the  surface  show  no  vascular  lesion  either 
in  the  pulmonary  or  bronchial  arteries.  Sections  from  the  hilum  show  very 
pretty  lesions  of  the  bronchial  arteries  but  none  of  the  pulmonics.  There  is 
a  small  lymph-gland  present  in  which  eosinophils  are  very  numerous. 

Bronchial  Glands :  The  follicles  are  moderatelj'  wrII  shown.  The  sinuses 
are  dilated  and  contain  relatively  few  cells.  One  or  two  small  arteries  are 
seen  which  show  the  changes  seen  elsewhere,  eosinophils  being  quite  numerous. 
Some  of  the  follicles  show  hyaline  degeneration. 

Spleen :  This  is  much  congested,  the  blood-spaces  showing  up  very  clearly. 
In  some  of  the  malpighian  corpuscles  there  is  hyaline  degeneration  of  the  cen- 
tral cells.  In  one  section,  there  is  an  irregular  area  of  infarction.  Eosinophils 
are  quite  numerous  throughout.  Several  of  the  small  arteries  show  character- 
istic changes.  In  some,  the  lesion  appears  as  an  adventitial  cellular  infiltration, 
with  a  rather  marked  invasion  of  the  media  with  wandering  cells  and  fibroblasts, 
the  muscle  being  almost  entirely  replaced.  In  one  or  two  of  the  small  arteries 
of  the  malpighian  corpuscles  there  is  a  fringe  of  cells  just  outside  the  adventitia, 
most  of  which  are  eosinophils. 

Liver :  The  cells  show  cloudy  swelling  and  in  many  places  vacuoles.  In 
most  of  the  portal  spaces  there  is  an  infiltration  of  wandering  cells  and  eosino- 
phils, often  quite  definitely  about  the  arteries.  In  a  few  of  the  arteries  the 
lesion  is  quite  definite.  Another  section  so  taken  as  to  give  a  longitudinal  view 
of  the  vessels  and  bile-ducts  gives  a  very  good  picture  of  the  lesion  and  shows 
considerable   surrounding  fibrosis. 

Pancreas :  The  lesions  here  are  exquisite.  In  general,  the  parenchymal  cells 
and  islands  are  normal,  but  there  is  a  moderate  increase  in  the  fibrous  tissue 
between  the  lobules.  In  one  region,  there  is  a  definite  area  of  necrosis,  appar- 
ently an  infarct,  the  supplying  arteries  being  severely  changed.  The  striking 
thing  in  the  section  is  the  lesion  of  the  vessels.  Almost  every  artery  shows 
most  extensive  changes  and  there  is  a  very  marked  perivascular  wandering-cell 
infiltration  with  fibrosis.  One  of  the  prettiest  lesions  in  the  whole  case  is  seen 
in  a  longitudinal  section  of  a  small  artery  (Fig.  8).  At  one  end  the  artery  is 
perfectly  normal.  It  then  shows  a  w'ider  and  more  irregular  lumen  with  a 
moderately  thickened  intima  in  which  are  various-sized  irregular  nuclei,  an 
internal  elastica  which  is  more  or  less  preserved  until  one  reaches  the  region 
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of  most  extensive  change  where  it  gradually  fades  out,_  a  homogeneous  hyaline 
band  on  either  side  of  the  vessel  which  is  in  places  internal  to  the  elastica,  in 
other  places  external  and  for  some  distance  divided  by  it.  External  to  this  one 
cannot  differentiate  between  media  and  adventitia.  One  comes  on  a  loose  mass 
of  various-sized  wandering  cells  and  eosinophils  with  a  few  fibroblasts  and  out- 
side of  these  a  young  connective  tissue  with  numerous  eosinophils.  In  serial 
sections,  the  lesion  can  be  traced  into  normal  artery  once  more. 

Esophagus:  The  lesion  is  seen  in  one  or  two  of  the  small  arteries  of  the 
serosa. 

Stomach :  Normal.  One  small  artery  is  seen  in  the  muscularis  with  a  little 
cellular  infiltration  about  it. 

Colon :  A  longitudinal  section  of  a  small  vessel  shows  it  normal  but  on  either 
side  of  its  wall  the  branches  show  extensive  changes. 

Ileum:    Normal. 

Cecum :  One  vessel  shows  the  lesion.  External  to  the  cecum  there  is  an 
area  of  granulation  tissue  the  borders  of  which  are  necrotic.  This  represents 
the  softened  area  at  the  base  of  the  appendix  described  in  the  gross.  Appendix 
is  normal. 

Mesenteric  Lymph-Nodes :    Appear  much   the  same  as  the  broncliial. 

Lymph-Node  at  Gall-BIadder :  Shows  various  areas  of  hyaline  degeneration 
but  no  vascular  lesions. 

Thvroid :    Normal.     Vessels  unaffected. 
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Fig.  8. — Case  2.  Longitudinal  section  of  artery  in  pancreas.  The  rather 
abrupt  beginning  of  the  lesion  is  well  seen  at  the  left.  The  intima,  /,  is  thickened 
and  is  indistinguishable  from  the  hyaline  ring,  H.  The  internal  elastica,  E,  thus 
apparently  divides  this  hyaline  ring.  The  media  is  represented  by  the  hyaline 
ring  and  the  adventitia,  A,  merges  with  the  periarterial  infiltration.  In  other 
sections  the  lesion  can  be  traced  to  the  right  into  normal  artery  again. 

Kidneys :  Sections  show  very  niunerous  fresh  hemorrhagic  and  older  infarcts. 
A  large  portion  of  the  corte.x  is  thus  affected  and  the  infarcted  areas  often 
run  down  to  and  into  the  medulla.  The  small  amount  of  intervening  renal  tis- 
sue is  fairly  normal  except  for  the  vascular  changes  which  are  very  extensive, 
almost  every  small  artery  being  affected.  There  is  considerable  perivascular 
infiltration.  One  fairly  large  artery  shows  an  extensive  tliickening  of  the  intima, 
the  internal  elastica  remaining  intact.  The  thickening  consists  of  a  bluish-pink 
material  rich  in  spindle-shaped  fibroblasts,  many  of  the  cells  having  peculiar 
little  spaces  about  them.  The  media  is  composed  of  a  similar  tissue  while  the 
adventitia  is  more  fibrous.  The  other  vascular  lesions  are  merely  repetitions 
of  the  changes  seen  elsewhere. 

Adrenals :  Several  of  the  small  arteries  about  the  organ  show  characteristic 
lesions.     There  are  several  infarcted  areas  in  the  cortex. 

Fallopian  Tube :    One  vessel  found  which  shows  tj'pical  changes. 

Ovary :    Normal. 

Psoas  Muscle:  One  small  artery  is  seen  which  shows  a  beginning  infiltration 
about  the  adventitia.    The  muscle-fibers  are  normal. 
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Pectoral  Muscle :  Very  distinct  changes  are  seen  about  many  of  the  small 
arteries,  the  muscle-fibers  remaining  unaffected. 

Uterus  and  Bladder :    Normal. 

Bactcriologic  Findings  at  Necropsy. — Heart-Blood :  Cultures  were  taken  in 
various  mediums,  two  ascitic  glucose-agar  shake-cultures,  three  ascitic  glucose- 
agar  slants  and  one  neutral  broth.  These  all,  remained  perfectly  sterile.  At  the 
end  of  three  weeks  they  were  e.xamined,  although  there  had  been  no  sign  of 
any  growth.  At  present,  three  months  after  the  necropsy,  no  growth  has 
appeared. 

Peritoneum:    Cultures  showed  a  Stafliyloi-occus  aureus. 

Pericardial  Fluid :  One  tube  remained  sterile,  the  other  showed  a  colon 
bacillus.  The  most  promising  field  for  obtaining  successful  cultural  results 
seemed  to  lie  in  the  examination  of  the  cardiac  nodules  and  consequently  most 
of  the  attention  was  directed  to  them.  In  the  first  place  numerous  smears  were 
made  from  these  nodules.  These  were  stained  by  various  methods  but  gave 
entirely  negative  results.  The  largest  aneurysmal  nodule  was  excised  and  washed 
in  three  changes  of  sterile  salt  solution.  It  was  then  divided  into  two  portions, 
using  Rosenow's  sterile  method.  One  portion  was  ground  up  in  sterile  salt 
solution.  Of  this,  one  guinea-pig  received  0.5  c.c.  intraperitoneally,  one  received 
1  c.c.  intraperitoneally  and  two  rabbits  received  O.S  and  1  c.c.  respectively,  intra- 
venously. All  of  these  animals  remained  perfectly  well.  They  were  finally  killed, 
May.  1,  two  and  one-half  months  after  inoculation.  None  of  them  showed  any 
lesions  and  the  microscopic  sections  of  the  various  organs  failed  to  reveal  any 
changes. 

The  second  portion  of  the  nodule  was  again  divided  and  after  flaming  the 
pieces  were  planted  at  the  bottom  of  two  ascitic  glucose-agar  tubes.  The  rest 
of  the  bacteriologie  work  on  the  case  was  done  by  Dr.  Coulter,  and  I  am  indebted 
to  him  for  the  following  facts :  After  eighteen  hours,  both  of  the  tubes  were 
clouded.  Direct  examination  and  subcultures  showed  Bacillus  subtilis.  The 
nodules  were  at  once  removed,  held  within  a  flame  vnitil  there  was  free  spat- 
tering of  fat  and  the  entire  surface  was  shriveled  and  discolored  and  then  were 
replanted  in  ascitic  glucose  agar.  The  nodules  sank  to  the  bottom  of  the  tube 
before  the  medium  hardened.  The  ascitic  fluid  used  in  these  cultures  had  been 
repeatedly  tested  for  sterility.  One  tube  has  remained  perfectly  sterile.  One 
tube   showed  no  growth   for  two  weeks. 

On  the  sixteenth  day  there  were  two  separate  areas  of  clouding  at  the  bottom 
of  the  tube,  between  the  nodule  and  the  glass.  Each  area  was  somewhat  fan- 
shaped  with  the  wide  portion  of  the  fan  directed  away  from  the  nodule.  Three 
days  later  there  was  very  slight  if  any  increase  in  the  areas  of  clouding.  A  long 
sterile  pipet  was  introduced  to  the  bottom  of  the  tube  encountering  consider- 
able resistance  owing  to  the  firmness  of  the  medium.  At  the  very  bottom,  how- 
ever, about  the  nodule,  there  were  found  several  tenths  of  a  cubic  centimeter 
of  slightly  turbid  du;d.  About  0.1  c.c.  of  this  fluid  was  inoculated  into  each  of 
three  ascitic  g'ucose-agar  cultures,  one  being  a  surface  slant,  the  other  two  deep 
cultures  similar  to  the  one  from  which  the  fluid  was  withdrawn.  Smears  of 
this  fluid  showed  rather  large  Gram-positive  cocci,  mostly  in  chains  of  from 
four  to  ten,  but  occasionally  arranged  as  diplococci  or  tetrads,  .^bout  the  latter 
there  was  an  indistinct  capsule.  On  tlie  following  da\  the  subcultures  showed 
the  following: 

Surface  cultures :  Profuse  growth,  for  the  most  part  confluent  with  very 
numerous,  uniformly  distributed,  more  opaque  areas.  Growth  emulsifies  easily. 
It  is  not  very  viscid  but  strings  out  slightly  when  touched  with  the  loop.  The 
medium  is  not  precipitated  but  the  growth  has  extended  between  the  medium 
and  the  glass.  The  medium  was  freshly  slanted  before  inoculation  so  that  it 
was  quite  moist. 

Deep  Cultures :  Uniformly  clouded  throughout.  No  gas  bubbles  or  cracks 
in  the  medium.  .Smears  showed  organism  identical  with  those  in  tlie  original 
culture.     Smears  from  the  surface  growth  showed  the  cocci  smaller,  somewliat 
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flattened  and  generally  arranged  as  diplococci.  chain  formation  being  very  slight. 
Plates  were  made  from  all  of  the  cultures.  In  all  there  was  but  one  type  of 
colony  in  twenty-four  hours.  This  was  large,  1.5  by  2.S  mm.  in  diameter,  moist, 
surface  convex  and  glistening,  outline  smooth  and  regular,  color  uniformly 
grayish,    consistency   only   slightly   viscid. 

Growth  in  peptone  broth  shows  a  uniform  clouding  with  very  slight  sedi- 
mentation in  si.x  hours.  In  twenty-four  hours  there  is  marked  sedimentation, 
but  the  fluid  remains  uniformly  cloudy.  Smears  show  chains  of  ten  or  more 
cocci  with  a  distinct  capsule.  The  organism  is  not  bile-soluble  and  shows  the 
following  fermentation  reactions  :  Dextrose  -H,  dextrin  -f-,  saccharose  -{-.  lac- 
tose-f,  galactose +,  inulin — ,  raflinose — ,  mannite — ,  salicin -h,  litmus  milk -|-, 
acid,  coagulated  but  not  dissolved. 

Animal  inoculations  were  made  from  the  second  generation  of  deep  cultures. 
An  emulsion  was  made  up  to  the  strength  of  500.000,000  to  the  cubic  centimeter 
and  of  this  a  guinea-pig  received  0.75  c.c.  intraperitoneally,  a  rabbit  1.5  c.c.  intra- 
venously and  a  monkey  1.5  c.c.  intravenously.  None  of  these  animals  showed 
any  reaction.  They  continued  perfectly  well  and  were  killed  two  months  later. 
They  showed  no  gross  or  microscopic  lesions.  Another  rabbit  was  given  3  c.c. 
of  an  emulsion  containing  1,000,000,000  to  the  cubic  centimeter.  Death  resulted 
in  eighteen  hours.  The  organism  was  recovered  at  the  necropsy.  There  were 
no  gross  or  microscopic  lesions  of  the  vessels,  especially  no  signs  of  inflamma- 
tion about  the  vessels  or  in  the  perivascular  lymphatics. 

Pieces  of  tissue  were  preserved  in  alcohol,  formaldehyd  and  Zenker's  fluid 
and  sections  were  stained  by  various  bacterial  stains.  A  careful  search  was  made 
of  many  sections  for  bacteria,  without  results.  In  some  of  the  sections,  especi- 
ally those  of  the  pancreas,  there  were  some  small  bodies  resembling  cocci,  but 
they  could  not  be  differentiated  from  the  numerous  particles  of  chromatin  pres- 
ent. A  set  of  sections  w-as  also  stained  by  the  Levaditi  method  but  with  entirely 
negative  results. 

The  foregoing  results  have  been  reported  in  detail  because  they 
represent  the  most  extensive  bacteriologic  investigations  yet  made  on 
tlie  disease.  The  examinations  can  be  considered  quite  negative  with 
the  possible  exception  of  the  streptococcus  isolated  frotu  the  cardiac 
nodule.  The  occurrence  of  a  Staphylococcus  oiirciis  in  the  peritoneal 
fluid  seems  to  be  merely  a  coincidence.  Had  it  atiy  real  relation  to  the 
disease,  it  seems  inconceivable  that  it  sliould  not  have  been  obtained 
from  the  other  cultures  both  during  life  and  at  the  necropsy.  As  the 
cardiac  nodule  showed  a  contaiuination  at  the  start  it  is,  of  course, 
quite  possible  that  the  streptococcus  was  one  likewise.  Against  this  is 
the  fact  that  the  nodule  was  very  thoroughly  seared  and  that  the 
growth  did  not  appear  until  a  considerable  period  of  time  had  elapsed. 
Even  if  this  organism  did  coiue  from  the  nodule  it  may  have  been  there 
merely  as  an  accidental  secondary  infection.  As  the  occurrence  of  a 
streptococcus  has  been  the  only  moderately  constant  finding  in  necropsy 
cultures  of  other  cases  it  has  seemed  important  to  me  to  include  the 
cultural  characteristics  of  the  one  found  in  this  case  for  the  purpose  of 
comparison  in  case  any  similar  organism  is  isolated  in  the  future. 

The  animal  inoculations  have  proved  nothing  except  that  the  disease 
was  not  transmitted  to  them  either  by  the  direct  inoculation  of  material 
from  the  nodules  or  by  the  streptococus  isolated.     It  is  quite  possible 
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tliat  tlie  disease  cannot  be  transmitted  to  these  animals.  It  would  have 
been  interesting  to  have  inoculated  stags  with  material  from  the 
nodules,  but  unfortunately  this  was  not  possible. 

CA.SES   REPORTED   VV   TO   THE    PRESENT   TIME 

Tilt   following  is  a  list  of  cases  of  periarteritis  nodosa  reported  up  to  the 
present  time : 

Rokitansky,  1852.     Studied  microscopicallj'  by  Eppinger  thirty-five  years  later. 

Kussmaul  and  Maier,  1866. 

Zimmerman,  1874. 

Clivostek  and  W'eichselbaum.  1877. 

P.  Meyer,  1878. 

Eppinger,  1887.     Kundrat's  case  and  microscopic  description  of  Rokitansky's. 

Fletcher.  1892.     Xecropsv  by  von  Kahlden. 

von  Kahlden,  1894. 

Graf,  1896. 

Rosenblath.  1897. 

Freund,  1899. 

Krzvszkowski.  1899. 

P.  Midler,  1899.    Two  cases. 

Schmorl,  1903. 

Ferrari,  1903. 

Veszprenii  and  Jancso.  1S03. 

Schreiber,  1904. 

Monckeberg,   1905. 

Verse,  1905. 

Benedict,  1907. 

Oberndorfer,  1907. 

Bombard,   1908.     Same  case  as  that  reported  by  Oberndorfer. 

Benda,  1908.    Two  cases. 

Dickson.  1908. 

J.  E.  Schmidt.  1908. 

Longcopc.  1908. 

Hart,  1908. 

Kinine.  1909.     Same  case  as  that  reported  by  Hart. 

Datnowski.  1909. 

Beitzke,  1910.     Same  case  as  that  reported  bv  Datnowski. 

Moriani.  1910. 

Cooke,   1911. 

Veszprenii,  1912.    Two  cases. 

Lewis,  1912. 

Jonas,  1912. 

Beattie  and  Douglas,  1912-13. 

REVIEW  OF  REPORTED  C.\SES 

So  far  as  it  is  possible  to  decide,  the  preceding  thirty-eight  cases  are 
true  cases  of  periarteritis  nodosa.  Up  to  the  present  time  it  has  been 
impossible  to  be  sure  of  the  diagnosis  without  a  microscopic  examina- 
tion of  the  lesion.  Consequently,  a  case  such  as  that  reported  by  Sabin 
cannot  be  included  in  this  series,  although  it  may  well  have  been  an 
instance  of  the  affection.  In  order  to  make  the  record  complete,  several 
of  these  questionable  cases  are  given  at  the  end  of  this  article.  These 
have  either  been  reported  as  periarteritis  nodosa  or  have  been  con- 
sidered such  by  some  authors. 

The  following  review  is  based  on  a  study  of  the  preceding  thirty- 
eight  cases.    It  is  at  once  apparent  on  reading  over  the  reported  cases 
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that  many  are  lacking  in  important  details.  The  more  detailed  report 
of  additional  cases  will  be  necessary  to  bring  the  clinical  picture  to 
completeness.  There  is  sufficient  material,  however,  to  bring  out  many 
facts  of  interest  and  to  give  a  clinical  picture  which  will  at  least  aid  in 
the  recognition  of  future  cases. 

Historical. — In  1852,  Rokitansky,  in  a  paper  entitled  "The  Forma- 
tion of  Aneurysms  of  the  Arteries  in  General,  Except  the  Aorta,  and 
Most  of  Its  Important  Primary  Branches,  with  the  Further  Exception 
of  the  Cerebral  Arteries,"^  gave  the  first  complete  gross  description  of 
the  disease.  Thirty-five  years  later,  Eppinger  studied  and  described  the 
iiistologic  changes  in  the  arteries  of  the  mesentery  in  this  case.  To 
Kussmaul  and  Maier,  however,  must  go  the  credit  for  the  first  com- 
plete gross  and  microscopic  description  of  periarteritis  nodosa  and  its 
recognition  as  a  distinct  disease.  They  reported  a  case  in  1866  as 
"A  hitherto  undescribed  peculiar  disease  of  the  arteries  which  is 
accompanied  by  Bright's  disease  and  a  rapidly  progressive  general 
paralysis  of  the  muscles,"^  and  proposed  the  name  by  which  the  disease 
has  since  been  known. 

There  is  some  ground  for  believing  that  the  disease  was  grossly 
recognized  as  early  as  1755  by  Michaelis  and  Matani,  and  in  1810 
Pelletan  reported  very  briefly  a  case  in  which  he  counted  sixty-three 
small  aneurysms  on  the  variou/ arteries.  These  reports  are  too  brief, 
however,  to  admit  of  any  conclusions  as  to  the  true  nature  of  the 
process.  From  the  time  of  Kussmaul  and  Maier's  publication  to  1899, 
but  eight  additional  cases  were  reported,  or  an  average  of  about  one 
case  in  four  years.  Then,  as  the  "disease  became  better  known,  the 
number  of  cases  showed  a  considerable  increase,  twenty-eight  being 
reported  in  the  following  sixteen  years.  Five  of  the  cases  are  from 
the  United  States  and  two  from  Great  Britain,  nearly  all  of  the  rest 
being  from  Germany. 

Name  of  the  Disease. — As  one  might  expect,  several  names  have 
been  proposed  to  supplant  Kussmaul  and  Maier's  "periarteritis 
nodosa."  Thus  we  have  "multiple  aneurysmen"  of  Meyer,  "das  con- 
genitale  aneurysma"  of  Eppinger,  "arteritis  nodosa  proliferans"  of 
Fletcher,  "polyarteritis  acuta  nodosa"  of  Ferrari,  "meso-periarteritis" 
of  Hart  and  "panarteritis,"  "arteritis  nodosa"  or  "polyarteritis  nodosa" 
of  Beitzke,  according  to  the  view  of  the  author  as  to  the  nature  of  the 
process.    While  it  is  possible  that  some  of  these  names  are  a  little  more 


2.  Aneurysmenbildung  sammtlichcr  Artericn  niit  Ausnahme  der  Aorta, 
und  der  meisten  ansehnlichen  primitiven  Aeste  derselben,  ferner  mit  Ausnahme 
der  Gehirnarterien. 

3.  Eine  bisher  nicht  beschriebene  eigenthumliche  Arterienerkraiikung  die  mit 
Morbus  Brightii  und  rapid  fortschreitender  allgemeiner  Muskellahmung 
einhergtht. 
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accurate  than  the  one  originally  used,  the  disease  has  come  to  be  l<nown 
under  the  title  "periarteritis  nodosa"  and  it  seems  better  to  continue 
this  name,  at  least  until  the  etiology  of  the  disease  has  been  established, 
rather  than  to  introduce  confusion  by  using  one  or  other  of  the  various 
substitute  titles  proposed. 

Etiology. — The  fact  that  the  etiology  of  periarteritis  nodosa  is  still 
quite  unknown  lends  added  fascination  to  the  study  of  the  disease  and 
emphasizes  the  desirability  of  recognition  of  cases  during  life  in  order 
that  complete  bacteriologic  studies  may  be  carried  out.  The  history  of 
the  etiologic  views  falls  into  three  main  groups. 

Syphilitic:  Influenced  by  \'irchow's  opinion,  Kussmaul  and  Maier 
v/ere  inclined  to  the  view  that  the  disease  was  a  syphilitic  affection  of 
the  arteries.  Chvostek  and  Weichselbaum,  Graf,  Schmorl  and  espe- 
cially Verse  have  been  the  chief  exponents  of  this  view,  while  Miiller 
and  Benedict  have  found  it  impossible  to  rule  out.  Many  pages  have 
been  written  upholding  and  combating  syphilis  as  the  causative  factor. 
It  wottld  lead  too  far  afield  to  go  into  all  the  arguments.  Suffice  it  to 
say  that  the  great  majority  of  observers  are  opposed  to  the  idea  even 
when  they  limil  themselves  to  ptirely  histologic  studies ;  the  Wasser- 
mann  reaction  has  been  negative  in  the  few  cases  in  which  it  has  been 
applied;  no  one  has  been  able  to  find  spirochetes  in  the  lesions;  a 
syphilitic  history  fails  in  most  of  the«cases ;  in  only  a  very  few  have 
any  other  syphilitic  lesions  been  found  at  necropsy,  and  a  similar,  if 
not  identical,  disease  occurs  in  stags  as  pointed  out  by  Liipke. 

Mechanical :  While  no  one  seriously  considers  this  view  at  the 
present  time  it  is  interesting  historically.  Meyer,  in  1878,  believed 
that  the  disease  was  due  to  high  blood-pressure  rupturing  the  media, 
which  was  either  imperfectly  formed  or  later  injured  by  some  toxic 
substance  such  as  alcohol.  Nine  years  later,  Eppinger  upheld  the  view 
of  a  congenital  debility  of  the  internal  elastica  with  rupture.  A  varia- 
tion of  the  mechanical  theory  is  encountered  in  Ferrari's  idea  that  the 
lesion  is  produced  by  the  central  or  local  action  of  a  toxic  substance, 
such  as  alcohol,  causing  a  paralysis  of  the  smooth  muscle-fibers.  All 
of  the  facts  are  against  these  various  ideas  and  it  is  scarcely  worth 
while  to  discuss  them. 

Infectious  or  Toxic:  All  observers,  with  the  exception  of  those 
above  mentioned,  belie\e  that  periarteritis  nodosa  is  the  result  of  an 
acute  infection,  the  arterial  lesion  being  caused  by  bacteria  or  their 
toxins.  The  nature  of  the  infecting  agent  is  still  unknown.  Cultural 
investigations  during  life  have  been  few  and  yet  it  is  rather  striking 
that  in  the  four  cases  in  which  blood-cultures  have  been  taken  the 
results  have  been  quite  negative.  In  Datnowski's  case  these  were 
repeated  three  times  and  the  same  was  true  in  our  second  case,  the  last 
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blood  taken  being  plated  in  ascitic  glucose-agar.  While  in  no  way 
conclusive,  these  results  would  seem  to  point  against  any  one  of  the 
commoner  organisms  as  the  causal  factor.  Anaerobic  cultures  have  not 
been  taken.  In  our  second  case,  ascitic  glucose-agar  shake-cultures 
were  made  from  the  heart's  blood  post  mortem,  but  also  with  negative 
results. 

Another  striking  fact  is  that  the  examination  of  sections  of  the 
lesions  for  bacteria  has  almost  uniformly  failed  to  show  any  organisms. 
Graf  found  a  few  short  rods  in  his  sections,  but  felt  that  they  could 
not  be  considered,  as  the  necropsy  was  done  many  hours  post  mortem. 
Longcope  found  a  few  chain  cocci  in  sections  from  the  kidney,  but 
they  were  not  in  relation  to  the  nodules. 

In  only  eight  cases  have  cultures  been  taken  at  necropsy.  In  one 
instance  they  were  accidentally  destroyed,  leaving  the  following  seven 
observations : 

Oberndorfer:  Staphylococcus  aureus  cultivated  from  the  kidney 
and  spleen. 

Datnowski :  Streptococcus  cultivated  from  the  heart's  blood.  There 
was  a  terminal  perforative  peritonitis  in  this  case. 

Veszpremi :    Cultures  sterile. 

Jonas :  Streptococcus  obtained  from  the  kidney  and  an  infitienza 
bacillus  from  the  adrenal. 

Beattie  and  Douglas :  Streptococcus  obtained  from  the  renal 
hemorrhage. 

Lamb,  Observation  I :  Streptococcus  from  the  heart's  blood  asso- 
ciated with  a  colon  bacillus.  Streptococcus  from  the  peritoneal  exu- 
date. In  this  case  there  was  a  vegetative  endocarditis  and  terminal 
peritonitis. 

Lamb,  Observation  II :  Streptococcus  from  the  cardiac  nodule. 
Staphylococcus  aureus  from  the  peritoneum  and  colon  bacillus  from  the 
pericardial  fluid. 

Thus,  in  all  but  one  case  in  which  cultures  have  been  taken,  some 
organism  has  been  obtained.  In  five  of  these  it  was  some  variety  of 
streptococcus.  In  two  out  of  these  five  there  was  some  complicating 
condition  and  in  two  there  was  also  some  other  organism  isolated.  In 
Longcope's  case  a  few  chain  cocci  were  found  in  the  kidney  sections, 
but  not  in  association  with  the  nodules. 

In  reviewing  the  etiology,  one  finds  no  support  for  the  syphilitic 
or  mechanical  theory.  The  course  of  the  disease,  the  irregular  tem- 
perature, the  high  leukocytosis,  the  complications  and  the  nature  of  the 
lesion  all  point  to  some  infection.  Cultures  taken  during  life  have  been 
uniformly  negative,  but  have  also  been  limited  in  number.  The  failure 
to  demonstrate  any  bacteria  in  the  lesions  may  indicate  their  early 
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disappearance  as  is  supposed  to  be  the  case  in  rheumatic  lesions.  While 
one  is  not  justified  in  excluding  the  occasional  finding  of  such  an 
organism  as  the  Staphylococcus  aureus  or  influenza  bacillus  in  post- 
mortem cultures,  the  most  striking  point  in  the  examinations  so  far 
made  is  the  occurrence  of  some  variety  of  streptococcus  in  five  of  the 
seven  cases,  or  in  71  per  cent.  In  another  case  they  were  seen  in 
sections.  It  is  for  this  reason  that  we  have  included  a  full  description 
of  the  streptococcus  isolated  in  our  second  case.  Animal  inoculations 
with  this  organism  and  with  material  from  the  nodules  have  been 
negative. 

At  present,  one  can  do  no  more  than  call  attention  to  these  facts  as 
they  have  occurred.     The  final  solution  rests  with  the  future. 

It  is  contended  by  some  that  the  disease  is  not  specific,  but  that  it 
is  merely  an  acute  infectious  lesion  of  the  arteries  due  to  any  one  of  a 
number  of  bacteria. 

Heredity. — There  is  no  indication  that  it  plays  any  part. 

Sex. — Of  the  reported  cases,  twenty-eight  were  in  males,  nine  in 
females  and  in  one  the  sex  is  not  stated.  Thus  it  would  appear  that 
the  disease  is  about  three  times  more  frequent  in  males  than  in  females. 

Age. — It  is  essentially  a  disease  of  adolescence  and  early  adult  life 
—  71  per  cent,  of  the  cases  occurring  between  the  ages  of  10  and  40. 
It  is  not  limited  to  this  period,  however,  the  youngest  case  being  in  a 
child  2^/2  months  old,  and  the  oldest  occurring  at  the  age  of  S7.  The 
number  of  cases  in  the  second  decade  is  slightly  larger  than  in  any 
other.    The  following  table  shows  the  number  of  cases  in  each  decade : 

Years                                                              No.  of  Cases 

1-10  1 

10-20  10 

20-30   8 

30-40    9 

40-50  5 

50-60  5 

Occupation. — This  is  most  varied  and  it  is  quite  impossible  to  dis- 
cover any  connection  with  the  affection. 

Past  History. — In  about  one-third  of  the  cases  this  is  not  given. 
In  only  four  cases  is  there  a  definite  history  of  syphilis.  In  a  few  there 
is  a  history  of  symptoms  similar  to  but  antedating  the  symptoms  of 
onset  by  some  months  or  years.  In  a  few  there  is  a  history  of  some 
immediately  preceding  infection.  There  is  thus  no  apparent  relation 
to  any  other  disease,  and  one  gathers  the  impression  that  the  previous 
illnesses  are  entirely  irrelevant.  It  is,  however,  interesting  to  note  that 
some  cases  do  show  similar  symptoms  in  their  past  history  either  as 
isolated  occurrences  or  in  recurrinjj  attacks. 
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Syiiiptoiiis. — Onset:  In  the  32  cases  in  which  this  is  mentioned,  we 
find  a  more  or  less  acute  invasion  in  14  cases  and  a  more  gradual  onset 
in  18.  The  symptoms  of  onset  in  order  of  frequency  were  as  follows: 
Pains  in  the  muscles  or  joints,  13;  fever,  9;  abdominal  pain,  generally 
in  the  epigastrium,  8;  edema,  8;  weakness,  5;  disturbances  of  sensa- 
tion, 4;  diarrhea,  sweating,  purpuric  eruption,  sore  throat,  3  each;, 
chilliness,  headache,  vomiting,  anorexia,  constipation,  cough,  2  each ; 
and  scattered  symptoms  of  dizziness,  urticaria,  pain  in  the  chest,  erup- 
tions, hemoptysis,  cyanosis,  dyspnea,  icterus,  swelling  of  the  testis  and 
asthma. 

General :  Mentioned  in  32  cases.  Weakness,  generally  progressive, 
24;  emaciation,  13;  sweating,  7;  jaundice,  6;  sleeplessness,  4;  chilli- 
ness, 4. 

Subcutaneous  Xodules :  In  two  cases  (Schmorl,  Benedict)  the 
diagnosis  has  been  made  during  life  by  the  examination  of  excised  sub- 
cutaneous nodules.  Everyone  has  been  impressed  with  the  importance 
of  these  nodules  and  it  is  generally  agreed  that  they  oft'er  the  only 
certain' means  of  diagnosis.  And  yet  they  were  present  onl)'  eight 
times  or  in  about  21  per  cent,  of  the  cases.  In  Kussmaul  and  Maier's 
case,  small,  firm,  pea-sized  nodules  appeared  beneath  the  skin  of  the 
abdomen  and  thorax  four  days  before  death.  Freund  merely  states 
that  there  were  subcutaneous  nodules  of  the  face,  neck  and  arms 
noticed  during  the  patient's  eight  days  in  the  hospital.  Miiller  (Case  1) 
found  the  nodules  about  one  knee  at  the  necropsy. 

Schmorl  reports  very  briefly  the  case  of  a  woman  who  showed 
nodules  in  the  abdomen  and  thigh  which.on  excision  were  characteristic 
of  the  disease.  They  were  apparently  cured  by  antisyphilitic  treatment. 
Moncktberg  noticed  a  few,  small,  elastic,  painless  nodules  in  the  thigh 
on  the  day  before  death.  Benedict  has  described  the  nodules  in  more 
detail.  At  the  end  of  the  fourth  week,  in  his  case,  a  fist-sized  tumor 
appeared  in  the  abdomen  and  increased  somewhat  in  size.  This  was 
finally  considered  an  intranuiscular  hematoma.  At  about  the  same 
time,  four  or  five  hazel-nut-sized,  round,  painless,  easily  movable 
nodules  appeared  in  the  skin  of  the  thorax  and  several  pea-sized 
nodules  in  one  leg  and  in  both  forearms.  A  thoracic  nodule  showed 
only  clotted  blood.  Later,  eleven  pea-sized,  round  or  oval,  moderately 
hard,  freely  movable,  nodules  were  found  under  the  chin  and  in  the 
buttocks,  arms  and  legs,  three  hazel-nut-sized  tumors  under  the  left 
breast  and  a  goose-egg-sized  nodule  containing  pus  under  the  left 
trochanter.  A  second  small  nodule  removed  from  the  leg  showed 
changes  characteristic  of  the  disease.  In  Datnowski's  case  there  was 
slight  periosteal  thickening  of  the  tibia,  and  four  days  before  death 
small  elevations  of  the  abdomen  appeared.    It  was  suggested  that  both 
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these  represented  subcutaneous  nodules,  but  no  examination  was  made. 
In  the  first  of  the  cases  here  reported,  there  was  a  peculiar  small  firm 
area  in  the  course  of  the  internal  saphenous  vein,  a  raised  reddish- 
brown  area  3  by  1  cm.,  in  the  right  thigh,  lying  over  a  superficial  vein 
and  the  early  appearing  goose-egg-sized  hematoma-like  swelling  of  the 
ankle.  These  were  not  in  evidence  at  the  necropsy  and  so,  unfortu- 
nately, no  examination  was  made. 

Superficial  Lymph-Nodes:  These  were  noted  as  enlarged  in  only 
four  cases. 

Edema :  The  most  striking  fact  in  this  connection  is  that  in  twenty- 
one,  or  61  per  cent.,  of  the  thirty-four  cases  in  which  histories  are 
given,  there  was  edema  at  some  time  during  the  course  of  the  disease. 
In  only  two  cases  is  it  definitely  stated  to  have  been  absent.  In  the 
eleven  remaining  cases  in  which  the  histories  are  more  or  less  com- 
pletely given  it  is  not  mentioned  and  was  presumably  absent.  The 
edema  was  generally  of  the  ankles,  less  often  of  the  face  or  body. 

Skin  Eruptions :  In  seven  cases  there  was  an  eruption  of  hemor- 
ihagic  character,  petechial,  purpuric  or  ecchymotic  and  at  times  this 
was  associated  with  urticaria.  In  a  few  instances,  such  hemorrhagic 
spots  were  the  first  things  noticed  at  the  onset  of  the  disease,  at  other 
times  they  appeared  during  the  course,  generally  in  recurring  crops. 
In  one  case  there  was  an  eruption  of  uncertain  character,  considered 
to  be  that  of  either  syphilis  or  scarlet  fever.  In  another  there  was  a 
desquamation  of  the  whole  body  tvpical  of  scarlet  fever,  but  without 
any  known  preceding  eru]:ition.  In  one  of  our  cases  there  was  a  rather 
late  dift'use  erythema  of  the  face  and  body. 

Pains  in  the  Joints:  In  fifteen  cases,  or  39  per  cent.,  there  were 
definite  joint-pains,  often  quite  severe,  usually  involving  more  than  one 
joint  and  behaving  very  much  like  acute  rheumatic  fever. 

Pains  in  the  Muscles :  In  eighteen  cases,  or  47  per  cent.,  there  were 
pains  in  the  muscles,  generally  of  the  extremities,  usually  quite  severe 
and  described  as  "tearing."  In  three  cases  these  pains  were  associated 
with  distinct  muscular  atrophy. 

Temperature:  In  four  cases  no  mention  is  made  of  the  temperattire. 
In  two  cases  it  is  definitely  stated  to  have  been  normal,  while  in  the 
remaining  thirty-two  there  was  fever.  Thus  94  per  cent,  of  the  cases 
have  shown  a  definitely  febrile  course.  In  some,  it  is  merely  stated  that 
there  was  slight  fever,  in  others  it  is  perhaps  a  little  difficult  to  separate 
the  fever  of  the  disease  from  that  of  the  complications.  In  reviewing 
the  cases  in  which  there  is  more  detailed  information,  it  is  apparent 
that  the  temperature  is  generally  irregular,  at  times  reaching  104  or 
even  105  F.,  and  at  other  times  being  subnormal.  It  is  apt  to  be  of  a 
remittent  type,  the  remissions  being  accompanied  by  marked  sweating. 
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There  are  often  periods  of  several  days  when  the  temperature  is  quite 
normal. 

Circulatory  System:  Symptoms  and  physical  signs  directly  refer- 
able to  the  heart  and  vessels  are  rather  strikingly  absent.  Thus  in  our 
second  case  in  which  the  coronary  arteries  were  most  extensively 
involved,  there  were  no  signs  to  direct  one's  attention  to  the  heart 
until  near  the  end.  In  7  cases  there  was  enlargement  of  the  heart, 
murmurs  in  7,  dyspnea  in  5,  cyanosis  in  4,  precordial  pain  in  1  and 
pericarditis  in  1. 

Blood-Pressure:  There  is  information  on  this  point  in  only  five 
cases.  In  Benedict's  case  it  was  140,  in  Datnowski's  215,  in  Kiinne's 
77  to  100,  in  the  first  of  our  cases  130  to  165,  and  in  the  second  104. 

Pulse :  In  five  cases  the  pulse  was  not  mentioned,  and  in  one  it  was 
quite  slow.  In  the  remaining  thirty-two,  or  97  per  cent.,  it  was 
increased  in  frequency,  and  in  sixteen,  or  in  one-half  of  the  cases  in 
which  it  was  increased,  it  was  more  rapid  than  one  would  expect  from 
the  height  of  the  temperature. 

Blood :  Anemia  is  a  striking  feature  of  the  disease.  It  is  stated 
definitely  as  being  present  in  55  per  cent,  of  the  cases  and  is  generally 
described  as  being  most  conspicuous.  In  only  five  cases  is  there  any 
record  of  a  red  cell-count  or  hemoglobin  estimation.  In  these  counts 
the  red  cells  varied  from  3,500,000  to  2,800,000,  and  the  hemoglobin 
from  7h  per  cent,  to  42  per  cent.  Leukocytosis :  Observations  have 
been  made  on  the  white  cells  in  only  twelve  cases.  Leukocytosis  failed 
in  only  one  case,  that  of  Dickson,  in  which  there  was  an  associated 
tuberculosis  of  the  lymph-glands  and  lungs.  In  two  cases  it  is  simply 
stated  that  there  was  a  leukocytosis.  In  the  nine  cases  in  which  the 
figures  are  given,  the  count  varied  from  9,000  to  66,000.  Tiie  low  count 
was  in  a  case  in  which  other,  later  counts  were  as  high  as  24,000.  The 
count  is  generally  high,  between  16,000  and  30,000.  In  only  four  cases 
were  differential  counts  made.  Of  special  interest  in  this  connection 
is  the  fact,  first  mentioned  by  Datnowski,  that  the  eosinophils  are 
increased.  In  his  case  they  were  10  per  cent.  In  Lewis'  case  they  were 
from  22  to  30  per  cent.,  and  in  our  first  case  from  32  to  58  per  cent. 
In  ail  of  these  cases  the  usual  causes  for  eosinophilia  were  excluded. 
In  our  second  case  they  were  not  increased.  It  is  most  important  to 
have  more  observations  on  this  most  interesting  point,  as  it  may  furnish 
a  most  valuable  means  of  diagnosis.  It  is  rather  significant  that  the 
cellular  infiltration  of  the  arterial  lesions  is  generally  rich  in  eosino- 
phils. The  polymorphonuclear  leukocytes  are  increased  in  number. 
Blood-Cultures :  Taken  in  only  four  cases  and  sterile  in  all.  In 
Datnowski's  case  they  were  repeated  three  times.  In  our  second  case, 
three  diiiferent  cultures  were  taken  and  one  of  these  was  plated  in 
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ascitic  glucose-agar.  Wassermann  Reaction :  Taken  in  only  three 
cases  and  negative  in  two.  In  our  second  case  one  test  was  positive 
and  one  was  negative.  The  first  was  taken  when  the  temperature  was 
high.  We  have  become  very  suspicious  of  the  accuracy  of  positive 
reactions  in  the  presence  of  high  fever.  The  second  test  we  beheve 
more  rehable,  as  the  temperature  was  low.  In  one  case  a  negative 
reaction  was  obtained  with  cadaver  blood. 

Respiratory  System :  The  respiratory  symptoms  bear  very  little 
relation  to  the  disease  with  the  possible  exception  of  the  asthma,  which 
is  at  times  cardiac,  and  the  blood  in  the  sputum.  In  one  of  our  cases 
asthma  was  a  most  striking  feature  from  the  outset,  and  in  one  other 
of  the  reported  cases  it  was  severe.  In  three  cases  there  has  been  blood 
in  the  sputum.  The  other  symptoms  have  been  the  following:  cough 
in  8;  pulmonary  edema,  pneumonia,  pain  in  the  chest,  2  each;  pleural 
effusion,  emphysema  and  hemoptysis,  1  each. 

Gastro-Intestinal  System:  A  large  number  of  the  cases  show  some 
symptoms  referable  to  the  gastro-intestinal  system.  In  order  of  fre- 
quency they  have  been  the  following:  Vomiting,  17;  anorexia,  9;  con- 
stipation, 7;  diarrhea,  alternating  with  constipation,  5;  diarrhea,  4; 
blood  in  the  stools,  1 ;  Ascaris  lumbricoides,  1.  In  the  only  3  cases  in 
which  gastric  analyses  were  made  the  free  hydrochloric  acid  was  either 
reduced  or  entirely  absent. 

Abdomen :  The  abdominal  symptoms  are  most  important.  It  is 
this  aspect  of  the  disease  which  is  of  interest  to  the  surgeons,  for  at 
times  the  symptoms  have  been  severe  enough  to  persuade  one  that  an 
acute  surgical  condition  existed.  The  second  case  here  reported  is  a. 
striking  illustration  of  this.  In  seventeen  cases,  or  50  per  cent,  of 
those  in  which  the  facts  are  given,  there  was  abdominal  pain.  In  one- 
half  of  these  it  was  located  in  the  epigastrium  or  upper  part  of  the 
abdomen.  In  the  rest  it  was  generally  diffuse  over  the  whole  abdomen. 
In  three  cases  it  was  in  the  region  of  the  kidney.  In  eight  cases  the 
abdominal  pain  was  one  of  the  marked  symptoms  of  onset.  The  char- 
acter of  the  pain  is  fairly  constant.  In  most  cases  it  comes  on  in 
recurring  attacks  and  is  severe,  colicky  or  cramp-like.  At  times  it  is 
severe  and  constant  for  several  days  at  a  time.  In  a  few  cases  it 
radiates  to  the  back.  It  is  generally  associated  with  abdominal  tender- 
ness and  distention.  In  seven  cases  the  liver  was  palpable  and  in  four 
cases  the  spleen  could  be  felt. 

Urogenital  System :  The  lesion  afifects  the  small  arteries  of  the 
kidney  in  nearly  every  case.  Therefore,  the  symptoms  referable  to 
the  kidney  are  most  important.  In  ten  cases  no  mention  is  made  of  the 
urine.  In  five  cases  it  is  definitely  stated  that  albumin  was  not  present. 
Often,  however,  there  was  only  one  examination  of  the  urine  and  the 
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condition  of  the  kidneys  at  necropsy  suggested  that,  in  some  of  the  cases 
at  least,  albumin  would  have  been  found  had  repeated  examinations 
been  made.  In  twenty-three  cases,  or  eighty-two  per  cent,  of  those  in 
which  the  condition  of  the  urine  is  given,  albumin  was  present,  generally 
in  moderate  amount,  but  varying  from  a  faint  trace  to  as  high  as  6  per 
cent.  In  the  cases  in  which  repeated  examinations  were  made,  the 
albumin  was  not  always  present  but  showed  exacerbations  and  remis- 
sions. It  was  sometimes  present  at  the  onset,  clearing  up  as  the  patient 
improved  and  reappearing  later.  In  other  cases  it  was  not  present 
until  near  the  end.  In  fourteen  cases,  casts  were  present.  These  were 
generally  of  the  hyaline  and  granular  variety,  but  occasionally  they 
were  epithelial.  The  amount  of  the  urine  was  reduced  in  nine  cases 
and  in  a  like  number  blood  was  present.  In  one  case  there  was  a  faint 
trace  of  sugar  found.  In  one  of  our  cases  the  phenolphthalein  output 
for  two  hours  was  too  small  to  estimate  on  two  occasions.  The 
necropsy  showed  a  very  severe  glomerulonephritis.  In  the  other  case 
the  test  was  not  done.  In  two  cases  there  was  infarction  of  the 
vessels  of  the  testis. 

Nervous  System :  The  following  symptoms  were  noted :  Headache, 
6;  disturbances  of  sensation,  6;  palsies,  4;  convulsions,  4;  visual  dis- 
turbances, 3.  In  one  case  in  which  lumbar  puncture  was  done  the 
spinal  fluid  was  sterile  and  in  one  of  our  cases  the  urea  content  was 
0.323  per  cent.  In  one  of  the  cases  showing  visual  disturbances  a 
lesion  was  found  in  one  of  the  retinal  arteries.  In  the  other  two  cases 
the  retina  was  not  examined  post  mortem. 

Pnthology. — The  lesions  of  periarteritis  nodosa  consist  in  the 
peculiar  arterial  nodules  and  aneurysms  and  the  changes  in  the  various 
organs  dependent  on  an  insufficient  or  completely  obliterated  blood- 
supply.  The  larger  arteries  are  not  affected,  the  changes  being  limited 
to  those  of  the  size  of  the  coronary  and  smaller.  The  veins  and  capil- 
laries have  never  been  found  aftected.  The  distribution  of  the  lesions 
is  practically  that  of  the  small  and  medium-sized  arteries,  that  is,  any 
arterial  area  may  be  involved.  There  are  certain  peculiarities,  how- 
ever, in  that  the  arteries  of  the  brain  and  spinal  cord  and  the  pulmonics 
are  very  rarely  affected.  Changes  of  the  former  have  been  found  only 
four  times  and  of  the  latter  only  twice.  In  some  of  the  cases  the  central 
nervous  system  has  not  been  examined.  While  the  pulmonary  arteries 
almost  regularly  escape,  it  is  not  at  all  uncommon  to  find  the  lesion  in 
the  bronchial  arteries.  The  lesion  has  been  found  in  practically  every 
region  of  the  body,  including  the  retina,  arteries  to  the  nerves,  the 
muscles,  subcutaneous  tissue,  spermatic  cord,  diaphragm,  etc.  In 
nearly  every  case  there  are  lesions  in  the  heart,  gastro-intestinal  tract 
and  kidneys.    In  1905,  Monckeberg  gave  a  table  showing  the  site  of  the 
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lesions  in  all  the  cases  published  up  to  that  time.  It  does  not  seem 
necessary  to  enlarge  on  this  table  at  present,  especially  as  in  many  of 
the  cases  complete  examinations  were  not  made  and  all  of  the  vascvilar 
areas  were  not  investigated.  Consequently,  a  table  gives  a  rather 
erroneous  impression. 

Two  important  facts  should  be  borne  in  mind.  In  the  first  place, 
in  no  less  than  five  cases,  no  changes  were  noted  in  the  arteries  at  the 
necropsy  and  the  disease  was  not  suspected  until  demonstrated  in  the 
sections.  It  is  therefore  possible  that  some  cases  may  be  overlooked 
both  clinically  and  pathologically.  That  this  is  not  often  the  case  and 
also  that  the  disease  is  in  reality  quite  rare  is  shown  by  the  fact  that  in 
a  recent  review  of  the  sections  of  all  cases  of  nephritis  occurring  at 
the  Presbyterian  Hospital  during  the  past  six  years,  no  case  of  peri- 
arteritis nodosa  was  found,  although  the  disease  was  carefully  looked 
for. 

In  the  second  place,  in  five  cases,  the  disease  was  limited  to  a  rela- 
tively small  vascular  area  or  to  one  organ.  Some  time  ago  this  was 
used  as  an  argument  against  such  a  case  being  truly  periarteritis 
nodosa,  but  it  is  now  well  recognized  that  such  limitation  may  occur. 

The  gross  appearance  varies  somewhat.  In  most  cases  there  are 
both  solid  nodules  and  aneurysms.  These  occur  with  especial  fre- 
quency at  the  points  of  branching,  the  size  of  the  nodules  having  no 
relation  to  the  size  of  the  artery.  The  nodules  are  whitish  to  yellowish- 
white,  moderately  firm,  later  quite  firm,  and  vary  in  size  from  those 
jtist  visible  and  resembling  miliary  tubercles  to  those  the  size  of  a  pea 
or  slightly  larger.  They  are  generally  situated  at  one  side  of  the  artery, 
liut  at  times  the  whole  wall  of  the  artery  seems  thickened.  As  indicated 
above,  many  of  the  lesions  are  quite  invisible  to  the  naked  eye.  On 
section,  they  appear  homogeneous,  yellowish-white,  and  often  show  an 
associated  occlusion  of  the  artery.  The  larger  nodules  are  generally 
aneurysmal  dilatations,  are  generally  softer  in  consistency  and  vary 
from  a  yellowish-white  to  a  grayish-red  or  dark-red.  These  are  almost 
regularly  filled  with  thrombus  and  may  slightly  exceed  a  hazel-nut  in 
size.  The  aneurysms  and  nodules  may  occur  together  on  the  same 
artery  and  often  occur  in  thickly  set  bunches  or  are  strung  along  the 
branch,  giving  it  a  corded  or  nodular  feel.  There  may  be  petechial 
hemorrhages  over  the  lesions  and  hemorrhagic  extravasations  into  the 
surrounding  tissues.  The  aneurysms  may  rupture  resulting  in  hema- 
tomata.  Quite  regularly  one  finds  infarcted  areas  in  some  of  the  organs 
from  occlusion  of  the  arteries  at  the  site  of  the  lesion.  The  portions  of 
the  arteries  in  which  there  are  no  nodttles  show  no  changes.  The 
lesion  may  be  quite  early  in  one  region  and  more  advanced  in  another. 
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Perforation  of  the  intestine  may  occur  through  an  ulcer  caused  by 
infarction. 

Microscopic  Findings. — One  of  the  chief  points  of  controversy  has 
been  the  question  as  to  which  coat  of  the  artery  is  the  seat  of  the 
primary  change.  The  majority  of  observers  believe  that  the  disease 
begins  in  the  adventitia,  a  fair  proportion  are  equally  insistent  that  the 
media  represents  the  primary  change.  While  there  have  been  a  few 
exponents  of  a  primary  intimal  inflammation,  all  recent  observers  arc 
agreed  that  the  process  does  not  begin  there.  It  is  believed  that  the 
injurious  agent  probably  enters  by  way  of  the  vasa  vasorum  or  possibly 
the  perivascular  lymphatics,  and  afi'ects  one  or  other  of  the  two  outer 
coats.  The  reason  that  there  has  been  so  much  diiterence  of  opinion 
concerning  the  relative  degree  of  involvement  of  the  different  coats 
is  that  the  lesion  varies  considerably  in  various  portions  of  the  same 
nodule  and  in  the  early  and  late  stages  of  the  disease.  It  is  only  by 
the  study  of  serial  sections  and  a  review  of  the  various  histologic 
descriptions  in  the  different  cases  that  one  can  obtain  a  proper  idea  of 
the  whole  picture.  Simiming  up  these  changes,  we  find  the  picture  in 
the  various  coats  as  follows : 

Intima :  Is  frequently  not  involved.  No  one  has  found  changes 
here  without  simultaneous  changes  in  the  other  coats.  It  is  on  this 
basis  especially  that  the  intima  has  been  ruled  out  as  the  site  of  primary 
change.  As  a  rule,  with  the  changes  in  the  other  coats  there  is  some 
degree  of  involvement  of  the  intima.  At  times  there  is  simply  a  prolif- 
eration of  the  endothelial  cells,  at  times  this  is  sufficiently  marked  to 
cause  narrowing  of  the  lumen.  The  cells  then  often  appear  large  and 
polygonal  in  shape  with  clear,  spindle-shaped  or  irregular  nuclei ;  the 
tissue  appears  vacuolated ;  there  may  be  some  edema  and  fibrin  with  an 
occasional  polymorphonuclear  leukocyte  and  wandering  cell  and  some 
nuclear  fragments.  A  little  later  fibroblasts  appear  and  with  the  for- 
mation of  thrombi  these  cells  grow  into  and  organize  the  thrombus 
mass,  at  times  leading  to  complete  fibrous  occlusion  of  the  vessel.  The 
changes  may  aftect  only  a  portion  of  the  circumference  or  the  whole 
intima.  The  cellular  exudate  of  the  media  and  adventitia  may  break 
through  the  internal  elastica  and  invade  the  intima.  The  intimal  thick- 
ening may  extend  for  some  distance  beyond  the  nodule. 

Internal  Elastica:  Generally  at  the  site  of  the  lesion  it  is  wanting. 
In  some  cases  it  is  quite  sharply  broken,  the  ends  tending  to  curl  up ; 
more  often  it  fades  away  into  the  exudate  of  the  other  coats.  Often 
one  can  find  it  quite  intact  on  the  other  side  of  the  lumen.  It  may  show 
definite  small  breaks  in  continuity  in  this  region.  At  times  it  appears 
distinctly  swollen  at  the  site  of  the  nodule. 
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Homogeneous  Hyaline  Ring:  This  is  a  very  characteristic  peculi- 
arity of  the  lesion  and  consists  of  a  zone  of  varying  width,  of  more  or 
less  homogeneous  appearance  which  takes  the  eosin  stain  quite 
intensely.  It  is  generally  situated  just  external  to  the  internal  elastica 
which  is  often  preserved.  In  some  cases  it  has  been  described  as  lying 
internal  to  the  elastica  and,  as  mentioned  in  one  of  our  cases,  it  may 
lie  both  external  and  internal  to  it.  In  the  more  advanced  lesion  the 
band  or  ring  is  hyaline  and  structureless  in  appearance ;  but  it  seems 
quite  possible  to  trace  its  formation  from  the  degenerated  media. 
Certainly,  in  the  early  stages  the  inner  portion  of  the  media  can  be 
seen  to  be  more  or  less  degenerated,  its  elements  fusing  together  and 
taking  the  eosin  stain  more  intensely.  At  a  little  later  stage  one  sees 
the  hyaline  ring  in  this  location  quite  distinctly,  but  it  is  quite  possible 
to  make  out  the  degenerating  smooth  muscle  cells  within  it. 

Media :  This  coat  is  almost  regularly  involved.  Monckeberg  even 
goes  so  far  as  to  say  that  when  no  changes  are  demonstrable  they 
really  exist  and  that  our  present  means  of  examination  are  not  delicate 
enough  to  make  them  out.  The  early  changes  consist  of  swelling  of  the 
muscle-cells  with  a  loss  of  their  nuclei.  One  then  finds  a  beginning 
inflammatory  exudate  of  polymorphonuclear  leukocytes,  wandering 
cells  and  eosinophils,  increasing  to  an  extensive  similar  exudate  with 
some  fibrin,  edema,  nuclear  fragments  and  vacuolization  with  increas- 
ing degeneration  of  the  media,  the  formation  of  the  hyaline  band  and 
later  the  appearance  of  fibroblasts  and  the  gradual  replacement  of  the 
exudate  by  fibrous  tissue.  At  times,  as  in  the  aneurysm  formation,  the 
media  is  greatly  thinned.  The  external  elastica  shows  changes  com- 
parable to  the  internal. 

Adventitia  :  An  increasing  number  of  observers  have  found  changes 
in  this  coat  without  the  occurrence  of  recognizable  lesions  elsewhere 
ill  the  arterial  wall.  The  earliest  change  consists  of  a  small  periarterial 
or  adventitial  collection  of  mononuclear  wandering  cells,  polymorpho- 
nuclear leukocytes  and  eosinophils.  I  have  been  rather  impressed  with 
the  occurrence  of  the  eosinophils.  It  has  been  recognized  for  a  con- 
siderable time  that  they  are  numerous  in  the  lesions.  In  our  sections, 
they  seem  attracted  to  the  region  of  the  arteries  even  when  these  show 
no  change.  The  earliest  lesion  seen  in  our  sections  was  in  a  small 
arteriole  of  the  stomach-wall.  This  showed  a  small  unilateral  peri- 
arterial collection  of  cells  almost  all  of  which  were  eosinophils.  With 
the  older  lesions  the  infiltration  of  cells  increases  until  the  adventitia 
becomes  several  times  its  normal  width  and  merges  imperceptibly  with 
the  periarterial  infiltration  which  may  extend  for  some  distance  into 
the  surrounding  tissue.  The  adventitia  shows  a  beginning  degeneration 
and  then  goes  on  to  the  formation  of  granulation  tissue  and  finally 
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fibrous  tissue.  At  times  one  finds  die  perivascular  lymphatics  filled 
with  an  exudate  similar  to  that  described,  never,  however,  to  the  same 
extent  as  seen  in  such  streptococcus  infections  as  erysipelas.  The 
lesions  do  not  go  on  to  suppuration,  and  in  this  respect  resemble  the 
lesions  in  die  organs  in  Streptococcus  viridans  endocarditis. 

The  lesion  bears  no  relation  to  the  supra-arterial  epicardial  fibroid 
nodules  described  among  others  by  Knox.  On  gross  examination  these 
nodules  are  somewhat  suggestive  of  periarteritis  nodosa,  but  their 
histologic  structure  is  quite  different. 

Brief  mention  has  been  made  above  to  the  occurrence  of  a  similar 
disease  in  stags.  Liipke  first  described  this  condition  in  1906.  There 
has  been  some  divergence  of  opinion  as  to  the  exact  relationship 
between  the  two  conditions.  The  descriptions  of  the  lesion  are  rather 
brief  and  as  we  have  had  no  opportunity  of  seeing  sections  taken  in 
the  cases  we  feel  in  no  position  to  judge  of  their  similarity.  The  con- 
sensus of  opinion  seems  to  be  that  the  two  conditions  are  very  similar 
if  not  identical. 

Duration. — The  most  acute  case  resulted  in  death  in  ten  days.  One 
case  was  followed  for  two  years  and  ten  months  and  was,  as  far  as  I 
have  been  able  to  discover,  lost  sight  of  at  the  end  of  that  time.  In 
general,  the  course  is  relatively  rapid,  71  per  cent,  of  the  cases  resulting 
fatally  inside  of  three  months.  The  duration  is  not  always  accurately 
given  and  in  the  following  table  I  have  considered  only  the  period  of 
acute  symptoms. 

Duration                                  .                    No.  of  Cases 

Not  given 3 

Less  than  1  month  5 

1-2  months 10 

2-3  months   10 

3-4  months  5 

6-7  months  1 

7-8  months    1 

8-9  months    1 

Over   1   year    2 

Prognosis. — This  is  bad.  Only  one  case  in  the  series  did  not  result 
fatally.  This  patient  was  followed  for  nearly  three  years  and  was 
alive  at  the  end  of  that  time.  One  patient  in  whom  the  diagnosis  was 
made  during  life  by  the  examination  of  an  excised  nodule  was  appar- 
ently cured  of  the  disease,  but  died  two  years  later  of  portal  thrombosis. 
The  necropsy  showed  no  evidence  of  periarteritis  nodosa  except  some 
small  fibroid  foci  in  close  relation  to  the  arteries.  These  were  con- 
sidered healed  nodules.  Other  cases  have  shown  similar  but  less 
marked  tendency  to  healing  in  some  regions,  but  always  with  progres- 
sion of  the  process  elsewhere. 
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Dia(/)iosis. — One  need  but  glance  at  the  following  list  of  diagnoses 
which  have  been  made  in  the  foregoing  cases  to  obtain  some  idea  of 
the  puzzling  nature  of  the  disease:  nephritis  7,  meningitis  3,  general 
miliary  tuberculosis  2,  general  peritonitis  2,  sepsis  2,  dysentery,  trich- 
iniasis,  morbus  maculosus  Werhlofii,  encephalitis,  typhoid,  polymyo- 
sitis, polyneuritis,  dermatomyositis,  cerebral  hemorrhage,  appendicitis 
and  Schonlein's  purpura  rheumatica.  One  thing  which  one  notices 
about  these  diagnoses,  in  reading  over  the  cases,  is  that  they  were  not 
considered  quite  typical  and  that  they  did  not  fully  explain  the  picture. 

While  some  few  observers  are  inclined  to  the  belief  that  the  disease 
is  not  a  distinct  entity,  but  that  it  is  merely  an  unusual  incident  in  the 
course  of  some  acute  infectious  disease,  the  majority  of  those  who  have 
studied  it  clinically  and  pathologically  have  come  to  the  conclusion  that 
periarteritis  nodosa  is  a  disease  sui  generis.  Until  the  etiology  is 
cleared  up  this  point  cannot  be  definitely  determined ;  but  the  facts 
seem  to  point  to  the  latter  point  of  view. 

The  difficulty  in  arriving  at  a  symptom-complex  on  which  a  diag- 
nosis may  be  made  lies  in  the  wide-spread  distribution  of  the  lesions 
throughout  the  arterial  system,  with  the  corresponding  symptoms  in 
one  or  more  regions  or  organs.  Add  to  this  the  tendency  of  the  disease 
to  spread  to  new  vascular  areas  and  the  occurrence  of  numerous  over- 
shadowing complications  and  one  can  appreciate  the  difficulties  in  the 
way  of  reaching  a  correct  diagnosis. 

Is  it,  then,  possible  to  construct  a  symptom-complex  of  periarteritis 
nodosa  stifficiently  definite  to  make  a  diagnosis  possible  ?  Such  a  diag- 
nosis has  been  correctly  made  only  twice  during  life  and  then  by  the 
excision  and  examination  of  the  subcutaneous  nodules.  Barring  the 
presence  of  these  nodules,  an  answer  to  the  foregoing  question  must  be 
in  the  negative.  I  believe,  however,  that  a  consideration  of  certain 
symptoms  and  groups  of  symptoms  should  make  it  possible  to  suspect 
the  disease  and  should  lead  to  more  careful  examinations  for  subcu- 
taneous nodules.  When  the  disease  is  once  suspected  every  possible 
examination  should  be  made  to  aid  in  clearing  up  the  etiology.  Since 
the  occurrence  of  the  above  cases  in  the  hospital,  there  have  been  at 
least  two  cases  in  which  periarteritis  nodosa  has  been  suspected.  In 
both  of  these  there  was  a  purpuric  eruption  and  in  both  some  of  the 
spots  were  excised  for  microscopic  exauiination.  Neither  case  turned 
out  to  be  an  instance  of  this  affection. 

In  practically  all  of  the  cases  there  is  fever  of  a  more  or  less 
irregular  type,  rapid  pulse,  often  disproportionately  so,  anemia  and 
progressive  weakness  and  a  striking  leukocytosis  with  a  high  percentage 
of  polymorphonuclears  and  in  some,  at  any  rate,  a  distinct  eosinophilia. 
It  is  most  important  to  have  this  eosinophilia   confirmed   by  future 


observations,  for  if  it  be  at  all  constant  it  will  furnish  a  most  valuable 
means  of  diagnosis.  The  above  facts  stand  out  clearly  and  represent  a 
pretty  definite  background  against  which  one  must  form  the  clinical 
picture.  Of  almost  equal  importance,  even  if  not  of  quite  as  common 
occurrence,  is  the  presence  of  edema  and  the  symptoms  of  nephritis. 
\\"hile  one  would,  of  course,  hesitate  in  making  any  diagnosis  on  these 
symptoms  one  should  be  equally  reluctant  in  suspecting  periarteritis 
nodosa  without  them.  If  one  finds,  in  addition,  some  of  the  following 
less  common  but  quite  frequently  present  symptoms,  it  seems  justifiable 
to  suspect  the  disease:  pains  of  tearing  character  in  the  extremities; 
pain  and  swelling  of  various  joints ;  attacks  of  actite  abdominal  pain, 
colicky  in  character  and  generally  located  in  the  upper  abdomen ;  vomit- 
ing ;  hemorrhagic  eruptions  ;  cyanosis ;  asthma.  If  subcutaneous  nodules 
appear,  the  diagnosis  can  be  easily  settled  by  excision  and  histologic 
examination.  In  addition  it  should  be  remembered  that  the  course  of 
the  disease  is  relatively  short  and  that  there  may  be  distinct  periods  of 
remission  of  symptoms  and  improvement. 

OTHER  DOUBTFUL  C.\SES 

In  addition  to  the  list  of  cases  considered  in  the  preceding  review, 
there  are  a  few  which  have  many  points  in  common  with  periarteritis 
nodosa  and  which  have  been  included  in  reviews  of  the  disease  by 
some  authors.  Some  of  them  are  possibly  and  even  probably  instances 
of  this  affection,  but  the  failure  of  histologic  examinations  makes  a 
decision  impossible.  The  authors  of  these  cases  with  the  dates  of 
publication  are  the  following:  Gee,  1871;  Thompson,  1877;  Sabin, 
1901.  In  addition,  there  are  the  cases  of  Matani,  Michaelis  and  Pel- 
letan  already  referred  to.  The  cases  of  Geipel  and  Eichorst  are  appar- 
ently not  cases  of  this  affection. 
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Pertik:    Ccntralbl.  f.  allg.  Patli.  u.  path.  Anat.,  1908,  xix,  90. 

Sabin:    Bull.  Johns  Hopkins  Hosp.,  1901,  xii,  195. 
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Nachdruck  verboten. 

[Aus    der    pathologischen    Abteilung    des    College    of   Physicians 
and  Surgeons,   Columbia  University,  New  York.] 

Zur  biologischen  Bedeiitung  der  ungesSttigten  Fettsauren. 

Vou  James  W.  Jobling  und  William  F.  Petersen. 

(Eingegangen  bei  der  Eedaktion  am  3.  Juni  1914.) 

Da  es  das  leitende  Ziel  aller  biologischen  Forscher  ist,  be- 
sonders  auf  raedizinischem  Gebiete,  durch  tieferes  Eindringen 
in  das  Wesen  der  chemischen  Zusammensetzung  biologischer 
Reaktionskorper  etwa  ihren  Reaktionsunterschied  auf  einfache 
physio-chemiscbe  Prozesse  abzuleiten,  mochten  wir  es  nicht 
unterlassen,  eine  kurze  Abfassung  verschiedener  Studien, 
welche  in  dieser  Beziehung  von  Interesse  sein  konnten,  vor- 
zulegen. 

Bekannterweise  haben  die  Fettkorper  im  allgemeinen  eine 
einfache  chemische  Zusammensetzung;  vielleicht  gerade  des- 
wegen  hat  man  ihnen  weniger  Beachtung  gewidniet,  da  man 
ja  gewohnlich  komplizierte  Prozesse  mit  komplizierten  Sub- 
stanzen  einzuschalten  sucht.  Unter  den  verschiedenen  Fett- 
sauren besteht  aber  an  und  fiir  sich  ein  Unterschied,  welcher 
von  prinzipielle  Bedeutung  ist;  namlich  das  Vorkommen  der 
ungesattigten  Kohlenstoffatome  in  einer  groiSen  Anzahl  solcher 
Sauren.  Diese  chemische  Gruppierung  ist  bekanntlich  sehr 
aktiv.  Diesem  Unterschiede  wird  aber  in  der  medizinischen 
Literatur  wenig  oder  keine  Bedeutung  beigelegt.  AuGerdem 
wird  diesen  Fettsauren  durcli  ihre  physikalischen  Eigenschaften 
eine  besondere  Reaktionsfahigkeit  zuteil,  indem  sie  sich  leicht 
verseifen  und  dadurch  wasserloslich  werden  und  als  Seife,  wie 
auch  als  Fettsaure,  unter  sich  loslich  sind;  auch  andern  sie 
durch  Reaktionsuuterschiede,  wie  auch  durch  EinfluC  von 
Warme  und  Kalte,  ihren  Dispersitatsgrad  und  werden  inaktiv 
oder  gelegentlich  auch  starker  reaktiv.  Dazu  kommt  noch 
ihr  intimes  Verhiiltnis  zu  den  EiweiBkorpern,  welches  in  vielen 
Fallen  erst  durch  tief  eingreifende  chemische  Mittel  gesondert 
werden  kann.   Auch  als  Ester,  und  in  Verbindung  mit  Lecithin, 
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Cholesterol  und  anderen  dergleichen  Lipoidkorpern  treten  Fett- 
sauren  als  aktive  Bestandteile  immer  wieder  zutage. 

Unsere  Studien  mit  den  Fettsauren  nahmen  iliren  Ursprung 
von  einer  Untersuchung  iiber  den  Mechanismus  der  tuber- 
kulosen  Verkasung.  Da  es  in  diesem  Zustande  gewohnlich 
nicht  zu  einer  Auflosung  der  verkasten  Gewebe  konimt,  muG 
man  annehmen,  daB  die  Fermente  der  Selbstverdauung  ent- 
weder  abwesend,  oder  durch  irgend  welche  Hemmungskorper 
paralysiert  werden.  In  Anbetracht  des  groBen  Lipoidgehalts 
der  Tuberkelbacillen  lag  es  auf  der  Hand,  den  Einflnl?  dieser 
Korper  auf  die  tryptische  und  leukoproteolytische  Verdauung 
zu  priifen. 

Methode. 

Wir  erkannten  sehr  bald,  dafi  die  Gross -Fuldsehe  Methode  fiir 
genaue  Resultate  absolut  ungeeignet  ist,  da  eiiie  exakte  Ablesung  eines 
imverdauten  Kaseinrestes  auf  der  Willkiir  des  Beobachters  beruht,  ganz 
besonders  wo  noch  Lipoide  anwesend  sind.  Es  ist  uns  oft  vorgekommen, 
daB  wir  nach  der  Gross -Fuldschen  Methode  eine  voUstaudige  Hemmung 
vermuteten,  aber  es  stellte  sich  bei  der  darauffolgenden  Stickstofi'bestim- 
mung  heraiis,  daB  30 — 60  Proz.  verdaut  waren.  Um  wirklich  eiiiwandfreie 
Eesultate  zu  erhalten,  haben  wir  in  jedem  Experimente  nach  sorgfiUtiger 
Ausfallung  und  Filtration  Stiekstoffbestimraungen  an  dem  verdauten  Kasein 
gemacht.  Zu  diesem  Zwecke  haben  wir  von  der  ausgezeichneten  mikro- 
chemischen  Methode  Folins  (1)  Gebrauch  gemacht,  eine  Methode,  welche 
durch  ihren  geringen  Anspruch  an  Material,  durch  Zeitersparnis  und  durch 
Zuverlassigkeit  sich  ganz  besonders  zu  biologischer  und  auch  serologischer 
Arbeit  eignet.  Unsere  Eesultate  zeigen  also  mimer  den  ganauen  Prozent- 
satz  der  Verdauung;  eine  subjektive  Beeinflussung  bei  der  Ablesung  ist 
volUg  ausgeschlossen. 

Fermenthemmungskorper  aus  Tuberkelbaoillen. 

Wir  extrahierten  die  Fettkorper  der  Tuberkelbacillen  durch 
Aether,  Petrol  und  Alkohol  im  Soxhletapparate.  Die  verschie- 
denen  Fraktionen  —  Fettsauren,  hohere  Alkohole  etc.  —  wur- 
den  als  feine  Emulsion  in  Salzlosung  gebracht  und  nun  wurde 
Trypsin  zugesetzt.  Nach  halbstundigem  Stehen  im  Brutschranke 
wurde  Kasein  zugefiigt  und  nach  vollendeter  Verdauungzeit 
wurde  ausgefallt.  Wir  fanden  keine  Inhibition  durch  vor- 
handene  Lipoide.  Nun  untersuchten  wir,  ob  durch  Verseifung 
eine  Inhibition  zu  erzielen  ware.  Dies  ware  moglich,  indem 
die  Fettsauren   mit  dem  Ferment  in  weit  intimere  Beziehung 
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treten  konnten.  Es  stellte  sich  sofort  heraus,  daE  solche  ver- 
seifte  Fettsauren  der  Tuberkelbacillen  das  tryptische  wie  auch 
das  leukoproteolytische  Ferment  bedeutend  hemmten,  so  z.  B. 
wurde  durch  1  ccra  einer  l-proz.  Seifenlosung  die  Verdauung 
vollstandig  aufgehoben.  Trennten  wir  nun  die  gesattigten  von 
den  ungesattigten  Fettsauren,  so  fanden  wir,  daB  die  anti- 
tryptische  Eigenschaft  den  ungesattigten  Fettsauren  zukam ; 
dagegen  verloren  sie  ihre  Aktivitat  durch  Jodabsattigung  (2). 

Seifen  als  Hemmungskorper. 

Wir  untersuchten  nun  verschiedene  Seifen  aus  Hanf  und 
Lebertran  und  aus  Oliven-,  Croton-,  Leinsainen-  und  Rizinusol, 
auf  ihr  antitryptisches  Vermogen  und  fanden,  daB  dieselbe  im 
direkten  Verhaltnis  zu  der  Jodzahl  der  respektiven  Fettsauren 
stand.  Die  einzige  Ausnahme  maclite  die  Seife  aus  Rizinusol, 
welche  weniger  hemmte  als  man  ihrer  Jodzahl  gemaB  erwarten 
konnte.  Dieses  Resultat  laGt  sich  wohl  durch  den  Unterschied  in 
der  chemischen  Zusanimenstellung  der  Fettsauren  des  Rizinus- 
oles  erklaren,  da  in  diesem  das  ungesattigte  Kohlenstoffatom 
sich  nicht  wie  in  den  anderen  Fettsauren  in  der  direkten  Kohlen- 
stoffkette  befindet  und  auch  weit  weniger  reaktiv  sein  soil. 
Wir  fanden,  daB  diese  Seifen  durch  Jodabsattigung  wie  auch 
durch  Absattigung  mit  verschiedenen  anderen  Methoden  ihre 
Hemmungskraft  einbiiBten ;  so  z.  B.  beobachteten  wir,  daB 
eine  Seife  aus  Leinsamenol  in  einem  Monat  fast  die  Hjilfte 
ihrer  antitryptischen  Kraft,  bei  einfachem  Stehen  bei  Zimmer- 
temperatur,  verlor.  Indem  es  uns  nie  gelungen  ist,  das  Trypsin 
nach  Behandlungen  mit  den  ungesattigten  Seifen  wieder  zu 
reaktivieren,  muB  man  wohl  eine  Zerstorung  des  Trypsins 
annehmen. 

Wir  untersuchten  auch  verschiedene  andere  Lipoide,  z.  B. 
Cuorin,  Cholestero  und  verschiedene  Lecithinpriiparate.  Doch 
konstatierten  wir  eine  Henimung  nur  an  solchen  Lecithin- 
praparaten,  in  welchen  man  von  ihrer  Jodzahl  die  Anwesenheit 
von  ungesattigten  Fettsauren  annehmen  konnte.  Die  Hemmung 
erreichte  aber  nie  denselben  Grad  wie  bei  einer  Seifenlosung 
mit  derselben  Jodzahl. 

Der  Unterschied  zwischen  den  gesattigten  und  ungesattig- 
ten Seifen  als  Hemmungskorper  ist  im  folgenden  Experiment 
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sehr   deutlich   zu   sehen.     Die   Hydroxy-Palmitinseife,    welclie 
wir  hier  braucliten.  wnrcle  aus  der  Oelseife  hergestellt  (3). 


No. 

Kasein 

Trypsin 

Na-Oleate 

Na-Hydrosy 
Palmitate 

Stickstoff, 
verdant 

Proz. 

(■cm 

com 

ecm 
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rap; 

1 

2,0 

0.2 

0 

0 

1,66 

100 

2 

2.0 

0 

0 

0 

0 

0 

:! 

2,0 

0.2 

2.0 

0 

0,12 

1 

4 

2.0 

0,2 

1,0 

0 

0,12 

7 

f) 

2.0 

0,2 

•   0.75 

0 

0,18 

10 

G 

2,0 

0.2 

0,50 

0 

0,2 

12 

7 

2,0 

0,2 

0,25 

0 

0,26 

15 

8 

20 

0,2 

0 

2,0 

1,52 

91 

9 

2,0 

.   0,2 

0 

1.0 

1,63 

100 

10 

2,0 

0.2 

0 

0,75 

1,66 

100 

11 

2,0 

0.2 

0 

0,50 

1,60 

100 

12 

2,0 

0,2 

0 

0,25 

1,66 

100 

Kasoinlosnng  1  Proz.,  Xa-Carbouat  1  Proz.,  Trypsinlosung  0,2  Proz.. 
JSeifenlosunsr  1  Proz. 


Die  tuberkulose  Verkasung. 

Nachdem  wir  gefunden  liatten,  daB  die  verschiedeneu  un- 
gesattigten  Seifen,  sowie  audi  die  Seifen  aus  Tuberkelbacillen 
(Jodzalil  24)  antitryptisch  wirksani  waren,  untersuchten  wir 
die  Verhaltnis.se  der  Fermente  und  Antiferniente  in  verkasteni 
Driisen  und  Lungenmaterial.  In  der  Verkasung  handelt  es 
sich  offenbar  um  eine  Hemmung  des  autolytischen  Prozesses 
und  es  lag  auf  der  Hand,  die  Anwesenlieit  der  ungesattigten 
Fettsauren  als  Hemniungskorper  zu  erforschen.  In  eciiteni 
verkasten  Driisenniaterial  fanden  wir  nie  eine  Selbstverdauung. 
wie  auch  schon  Schnioll  (4)  gezeigt  hat.  Solches  Material 
wird  von  Trypsin  nur  verdaut,  wenn  letzteres  in  groCem  Uebei- 
schuK  vorhauden  ist.  Wir  extrahierten  solches  Material  auf 
langere  Zeit  im  Soxhletapparat  niit  Aether  und  Chloroform. 
Der  gesamte  Aether-Chloroformriickstand  wurde  verseift,  und 
es  stellte  sich  heraus,  daB  diese  Seifen  ganz  bedeutend  anti- 
tryptisch wirkten.  Dagegen  fanden  wir,  daB  sich  nun  das 
extrahierte  Driisenniaterial  leichter  durch  Trypsin  verdauen 
lieB  als  das  Originalmaterial.  Gelegentlich  fanden  wir  auch, 
daB  das  Driisenniaterial  seine  antitryptische  Eigenschaft  durch 
einfaches  Auslaugen  niit  Salzlosung  zuni  Teil  verlor  und  daB 
man  durch  die  Verseifung  der  so  gewonnenen  Flussigkeit  be- 
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deutende  Hemmung  erzielte.  Daraus  muB  man  wohl  die  An- 
wesenheit  der  ungesattigten  Fettsauren  als  Seifen  annehmen, 
doch  wird  wohl  der  groBte  Teil  der  antitryptischen  Eigenschaft 
auf  den  Lipoidverbindungen  der  ungesattigten  Fettsauren 
beruhen. 

Durch  Jodvorbehandlung  des  verkasten  Materials  wird  die 
Verdauung  durch  Trypsin  in  24  Stunden  fast  verdoppelt. 
Diese  Beschleunigung  laBt  sich  wohl  in  der  teilweisen  Ab- 
sattigung  der  Fettsauren  und  ihrer  darauf  erfolgenden  In- 
aktivierung  erklaren.  Die  therapeutische  Beeinflussung  der 
Tuberkulose  durch  Jod  hat  also  eine  leicht  verstandliche  Basis, 
indem  durch  Herabsetzung  der  Antifermente  die  verkasten 
Gewebe  dem  fermentiven  Angriffe  freigestellt  werden.  Klinisch 
findet  diese  Verdauung  ihren  Ausdruck  in  dem  Erscheinen 
von  Tuberkelbacillen  fmeist  intrazellular)  im  Sputum  und 
einer  erhohten  „EiweiBzerfalls"-Intoxikation  (besonders  bei 
anvancierten  Fallen).  Anbetracht  der  bedeutenden  antitryp- 
tischen Wirksamkeit  der  Oelseife  scheint  die  Inimunisierung 
mit  in  Oelseife  gelosten  Tuberkelbacillen  sehr  rationeli,  indem 
dadurch  die  toxischen  Erscheinungen  des  BacilleneiweiBes  ver- 
mindert  werden  ohne  Beeintrachtigung  der  antigenen  Kraft 
(Zeuner,  5,  6). 

Serum  Antitrypsin. 

Bekannterweise  wird  die  antitryptische  Eigenschaft  des 
Serums  durch  die  Einwirkung  des  Chloroforms  aufgehoben, 
wie  auch  einer  von  uns  (Job ling)  schon  vor  einigen  Jahren 
feststellte  und  verschiedentlich  in  der  Literatur  erwahnt  wor- 
den  ist.  Durch  die  einfache  Zerstorung  der  Extraktion  des 
Antitrypsins  durch  die  Fettlosungsmittel  wurde  allerdings  die 
Aufmerksamkeit  der  verschiedenen  Forscher  auf  den  Lipoid- 
bestandteil  des  Serums  gelenkt,  doch  da  man  das  Antitrypsin 
nie  aus  den  Losungsmitteln  erhielt,  lieB  man  die  Idee  des 
lipoiden  Charakters  des  Antitrypsins  fallen  und  schloB  sich 
der  Idee  Rosenthals  an  oder  erklarte  sich  das  Antitrypsin 
als  echten  Antikorper. 

Da  sich  das  Antitrypsin  im  Serum  in  kolloidaler  Losung 
befindet,  kann  man  wohl  schwerlich  dieselbe  Hemmungskraft 
durch   eine   grobe   Aufschwemmung   der  extrahierten  Serum- 
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lipoide  erlangen,  indein  die  Lipoidemulsion  mit  dem  Trypsin 
in  keine  intimere  Beziehung  treten  kann.  Dieser  Dispersitats- 
unterschied  ist  von  wichtigster  Bedeutung,  ist  aber  nicht  nur 
hier,  sondern  auch  in  manchen  anderen  Fallen  von  biologischen 
Forschern  nicht  berucksichtigt  worden.  In  diesem  Falle  kann 
man  durch  einfache  Verseifung  dieser  Fettkorper  den  Origiual- 
dispersitatsgrad  wieder  erlangen  und  durch  diese  Behandlung 
ist  es  uns  ermoglicht  worden,  die  vollstandige  Hemniungskraft 
des  Serums  in  dem  Chloroform-,  bzw.  Aetherruckstand  nach- 
zuweisen. 

Die  im  Chloroform  gewonnenen  Lipoide  und  freien  Fett- 
sauren  enthalten  alle  ungesattigte  Fettsauren  und  haben  eine 
Jodzahl  von  etwa  50.  Durch  Jodabsattigung,  sowie  auch  durch 
Einwirkung  einer  starken  Wasserstoffperoxidlosung  schwindet 
die  antitryptische  Eigenschaft  des  Serums.  Auch  Jodkalium 
und  Jodnatrium  heben  die  antitryptische  Wirkung  auf,  wenn 
man  dieselben  ungefahr  in  dem  Verhaltnisse  von  10  Proz. 
im  Serum  lost  und  auf  24  Stunden  in  den  Brutschrank  stellt; 
doch  mag  es  sich  hier  um  eine  einfache  Salzhemmung  der 
Trypsin-Antitrypsinverbindung  handeln.  Die  Moglichkeit  ist 
immerhin  vorhanden,  daB  durch  Freiwerden  von  Jod  es  zu 
einer  tatsachlichen  Absiittigung  der  ungesattigten  Fettsauren 
kommt.  Auch  scheint  die  BeeinHussung  durch  die  Jodsalze 
an  frischem  Serum  mehr  ausgepragt  als  an  alteren  Sera. 

Eine  Beobachtung  von  v.  Dungern  und  Hirschfeld  (7), 
welche  vorliegt,  ist  von  Interesse.  Sie  beobachteten,  daB  jo- 
diertes  Serum  nicht  nur  autolysierte.  sondern  auch  von  Trypsin 
verdaut  wurde.  Indem  sie  die  Jodwirkuug  direkt  auf  das 
EiweiB  vermuteten,  konnten  sie  sich  mit  darauf  gerichtetem 
Experiment  keine  Erkliirung  schaffen.  Bezieht  man  aber  die 
Wirkung  auf  das  Antiferment,  wie  es  tatsachlich  der  Fall  ist, 
so  klilren  sich  die  Verhaltnisse  voUstandig  (8). 

Serotoxin. 

Es  stellte  sich  nun  die  Frage,  ob  das  antitrypsinfreie 
Serum  auch  im  Korper  abgebaut  werden  konne  und  etwa  im 
homologen  Tiere  toxische  Erscheinungen  hervorrufen  wiirde. 
Wir  untersuchten  zuerst  Meerschweinchenseruni,  welches  vor 
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dem  Experiment  durch  Ansauren  oder  Erhitzen  (70"  C  30  Min.) 
inaktiviert  wurde;  es  traten  aber  bei  der  intravenosen  Ein- 
spritzung  keine  oder  nur  minimale  toxische  Erscheinungen 
hervor.  Doch  da  diese  Inaktivation  des  Antitrypsins  wohl 
auf  einem  Dispersionsunterschiede  beruht  und  dabei  die  Lipoide 
nicht  aus  dem  Serum  entfernt  werden,  ware  es  wohl  moglich, 
daC  dieselben  bei  der  Injektion  noch  schiitzen  konnten.  Niramt 
man  dagegen  angesauertes  Serum  und  filtriert  etliche  Male 
durch  einen  Berkefeldfilter,  so  wirkt  das  Serum  hochst  toxisch, 
wie  auch  schon  Bordet  und  Doerr  gelegentlich  fanden. 
Es  geniigen  schon  3 — 4  ccm,  um  damit  anaphylaktische  Sym- 
ptome  akut  zu  toten.  Gelegentlich  fanden  wir,  da6  das  wieder- 
holte  Filtrieren  des  angesauerten  Serums  durch  hartes  Filter- 
papier  genugte. 

Auch  das  jodierte  Serum  (v.  Dungern  und  Hirsch- 
feld)  verursacht  typischen  anaphylaktischen  Shock.  Behaudelt 
man  dagegen  Meerschweinchen  mit  Jodtinktur  (auf  die  rasierte 
Bauchhaut  gestrichen)  so  gehen  die  Tiere  nach  10—24  Stunden 
an  Jodvergiftung  zugrunde.  Das  Antitrypsin  des  Serums  ist 
bedeutend  vermindert.  Das  Serum  solcher  Tiere,  welches  kein 
freies  Jod  enthalt,  zeigt  sich  bei  der  Reinjektion  als  hochst 
toxisch,  indem  samtliche  Tiere  schon  an  einer  Dosis  von  3  ccm 
binnen  8  Stunden  zugrunde  gingen.  Die  Sektion  niacht  es 
wahrscheinlich,  daB  der  Tod  nicht  durch  Jodvergiftung,  son- 
dern  durch  eine  EiweiBvergiftung  verursacht  wurde. 

Am  auffallendsten  sind  aber  die  Resultate,  welche  man 
durch  einfache  Chloroform-  oder  Aetherextraktion  erzielen 
kann.  Solche  Sera  sind  fiir  homologe  Tiere  (Meerschweinchen, 
Kaninchen)  sehr  giftig;  ein  Praparat,  welches  24  Stunden 
unter  Chloroform  stand,  erreichte  eine  M.  L.  D.  von  0,3  ccm 
fiir  ein  Meerschweinchen  von  MittelgroBe.  Bei  der  Herstellung 
solcher  toxischer  Sera  empfiehlt  es  sich,  das  Serum  mit  etwa 
dem  doppelten  Quantum  Chloroform  kraftig  zu  schiitteln,  bis 
eine  feine  Emulsion  entsteht  und  diese  auf  24  Stunden  stehen 
zu  lassen.  Am  nachsten  Tage  wird  scharf  zentrifugiert,  das 
milchartige  Serum  so  lange  durch  Papier  filtriert,  bis  es  voll- 
standig  klar  und  chloroformfrei  ist.  Die  Giftigkeit  solcher 
Sera  steigt  in  den  ersten  Stunden  nach  Chloroformzusatz  sehr 
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achnell,  erreicht  seinen  Hohepunkt  nach  etwa  24  Stunden  und 
wird  dann  bald  atoxisch.  Das  Antitrypsin  ist  gewohnlich  nach 
1  Stunde  in  das  Chloroform  iibergegangen  und  es  folgt  des- 
halb  eine  progressive  Autolyse  des  Serums,  welche  sich  leicht 
feststellen  laCt.  Bei  Zimmertemperatur  nininit  der  ganze  ProzeS 
langere  Zeit  in  Anspruch,  so  daB  die  hochste  Toxizitiit  etwa 
nach  5—6  Tagen  erreicht  wird,  um  darauf  in  den  nitchsten 
Tagen  bald  zu  verschwinden. 

Indem  bei  den  frisch  praparierten  Seren  eine  sofortige 
Herzthrombose  den  Tod  herbeifiihrt  und  in  dieser  Beziehung 
unsere  Praparate  den  Cytotoxinen  ahnlich  sind,  haben  wir  den 
so  gewonnenen  Seren  den  Namen  Serotoxin  beigelegt.  Es 
handelt  sich  aber  nicht  nur  um  eine  Blutgerinnung  als  Todes- 
ursache.  Dafiir  sprechen  folgende  Tatsachen.  Bei  der  In- 
jektion  einer  M.  L.  D.  eines  solchen  bei  Zinunertemperatur 
praparierten  Serums  findet  man  gewohnlich  keiue  Gerinnung, 
sondern  das  typische  Bild  eines  anaphylaktischen  Shocks. 
Gleichzeitige  Einspritzung  von  Na.  citricum,  welches  die  Ge- 
rinnung verhindert,  verhindert  den  Tod  nicht,  da  derselbe 
durch  akute  Lungenblahung  verursacht  wird.  Auch  hiru- 
dinizierte  Tiere  sind  nicht  gegen  das  Seratoxin  geschiitzt, 
da  auch  hier  der  Tod  mit  akuter  Lungenblahung  stattfindet; 
dagegeu  konnten  wir  den  Tod  durch  die  Beimischung  zu 
dem  Serotoxin  der  extrahierteu  Lipoide  (verseift)  inimer  ver- 
hiiten. 

Das  Serotoxin  scheint  thermolabil  zu  sein,  da  Erhitzung 
bei  70°  C  fiir  30  Minuten  die  Giftigkeit  herabsetzt.  Man  kann 
aber  aus  dem  Serotoxin  stets  toxische  Spaltprodukte,  welche 
sich  fast  so  giftig  als  das  urspriingliche  Serum  erweisen  und 
unter  typischen  anaphylaktischen  Symptomen  toten,  isolieren. 
Diese  Spaltprodukte  (primare  Proteosen)  erwiesen  sich  als 
koktostabil. 

Die  Temperaturkurve  der  injizierten  Tiere  scheint  sich 
genau  wie  bei  der  Anaphylaxie  zu  verhalten.  Ueberlebt  das 
Tier  die  Injektion,  so  steigt  der  Antitrypsingehalt  des  Serums 
ganz  bedeutend,  und  solche  Tiere  sind  bei  der  Reinjektion, 
wenn  auch  nicht  vollstiindig,  so  doch  zum  Teile  geschiitzt. 
Auch   die   Narkose   scheint   zu   schutzen,   doch  nicht  in  dem- 
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selben  Grade  wie  bei  der  Anaphylaxie.  Dagegen  fanden  wir, 
daC  die  Resistenz  der  jodierten  Tiere  (welche  also  weniger 
Antitrypsin gehalt  zeigen)  bedeutend  vermindert  war  (9). 

Der  Mechanismus  der  Anaphylatoxinbilduiig. 

Da  sich  die  Fettsauren  und  ihre  Verbindung  leicht  ab- 
sorbieren  lassen  und  wir  bewiesen  haben,  daC  das  antitrypsin- 
freie  SerumeiweiB  sich  leicht  spalten  laBt  und  toxisch  wirkt, 
untersuchten  wir  nun  die  Beeinilussung  des  Serumantitrypsins 
durch  die  verschiedenen  adsorbierenden  Substanzen,  welche 
zur  Anaphylatoxinbildung  geeignet  gefunden  worden  sind. 
Vergleicht  man  den  Antitrypsingehalt  des  frischen  Meer- 
schweinchenserums  und  dasselbe  Serum,  nachdem  es  zur 
Anaphylatoxinbildung  verarbeitet  worden  ist,  sei  es  durch 
Digerieren  mit  Bakterien,  spezifischen  Prazipitaten ,  Agar, 
Starke,  Kaolin  oder  auch  durch  Toxinzusatz,  so  findet  man 
stets  eine  bedeutende  Herabsetzung  des  Antitrypsins.  Diese 
laBt  sich  besonders  durch  Typhusbacillen,  Agar  und  Starke 
erzielen;  durch  Kaolin,  durch  Tuberkelbacillen  und  durch 
sonstige  grampositive  Bakterien  laCt  sich  das  Serumanti- 
trypsin  weniger  beeinflussen. 

Auch  mit  Diphtherietoxin  wird  das  Antitrypsin  herab- 
gesetzt,  wahrscheinlich  wegen  seiner  lipoiden  Affinitat.  Es 
ist  wohl  moglich,  daB  die  Fettsauren  dieselbe  Affinitat  fiir  das 
Diphtherietoxin  als  fiir  das  Trypsin  zeigen  und  es  dadurch  zu 
einer  partiellen  Absattigung  kommt.  Die  Experimente  D olds 
und  seiner  Mitarbeiter  (10)  fiber  desanaphylatoxierte  Bakterien 
sind  in  dieser  Beziehung  von  besonderem  Interesse;  mit  der- 
artig  behandelten  Bakterien  war  es  uns  nicht  moglich,  das 
Seruraantitrypsin  zu  adsorbieren.  Hirschfeld  und  K linger 
(11)  haben  kiirzlich,  von  voUstandig  anderen  Beobachtungen 
ausgehend,  die  Vermutung  ausgesprochen,  daC  es  sich  bei  der 
Anaphylatoxinbildung  urn  eine  Lipoidadsorption  handele,  doch 
brachten  sie  dafiir  keinen  experimentellen  Beweis. 

Von  ganz  entschiedener  Bedeutung  scheint  uns  der  Be- 
fund,  daC  Bakterien  (Typhus),  welche  nach  Gebrauch  zur 
Anaphylatoxinbildung  getrocknet  wurden,  sich  fast  dreimal  so 
resistent    gegen    die   tryptische   Verdauung   als   unbehandelte 
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Typhusbacillen  erwiesen.  Die  Bacillen  sind  also  bedeutend 
widerstandsfahiger  durch  die  Serumbehandlung  geworden. 
Solche  Adsorptionsphanomene  sollten  nicht  nur  hier,  sondern 
auch  in  raanch  anderen  Phasen  der  Immunitatsforschung  be- 
rucksiclitigt  werden,  da  sie  einen  wichtigen  Unterschied  zwischen 
deu  in  vivo  und  in  vitro  bestehenden  Verhaltnissen  dar- 
stellen  (12). 

Der  akute  Seifentod. 

Es  ware  vielleicht  noch  von  Interesse,  den  akuten  Seifen- 
tod kurz  zu  erwahnen,  indem  man  es  hier  mit  einem  Shock 
zu  tun  hat,  welcher  den  anaphylaktischen  sehr  ahnelt  und 
somit  die  Seifen  zu  der  schon  langen  Reihe  Substanzen,  welche 
den  Tod  durch  anaphylaktische  Syraptome  herbeifiihren,  ein- 
zureihen  waren.  Es  wird  im  allgemeinen  behauptet,  dafi 
Kolloide,  welche  akut  toten,  den  Tod  durch  eine  Herzthrom- 
bose  verursachen  und  der  Lungenblahung  wird  deshalb  ein 
sekundarer  Charakter  zugeschrieben.  Diesem  gegeniiber  toten 
die  Seifen  bei  einer  M.L.D.  ohne  Gerinnung,  unter  dem  Bilde 
eines  typischen  anaphylaktischen  Shocks.  Allerdings  bei 
Einspritzung  grolSerer  Mengen  Seifeulosung  tritt  auch  eine 
Herzthrombose  zutage,  wie  aus  dem  nachfolgenden  Protokoll 
zu  ersehen  ist.  In  diesem  Experimente  wurde  eine  1-proz. 
Losung  einer  fast  neutralen  Oelseife  gebraucht.  Die  ge- 
sattigten  Seifen  (z.  B.  eine  Hydroxy  -  Palniitinseife),  deren 
Loslichkeitsverhaltnisse  denjenigen  der  ungesattigten  Seifen 
ahneln,  erwiesen  sich  etwas  weniger  giftig,  toteten  aber  auch 
mit  typischem  Shock  und  Sektionsbefund. 

ProtokoU  II. 


Ge- 
wicht 

Dosis 
com 

Dosis  in  mg 

pro  g 

Meerschw. 

1 

320 

3,0 

0,097 

Sofortige  Sprunge.  Tod  in  2".  Lunge  ge- 
blaht.  Etwas  Oedera.  Rechte  Herz- 
kammer  mit  Gerinnsel  gefiillt 

2 

310 

2,5 

0,08 

Tod  in  3".    Lunge  stark  geblaht. 

3 

350 

2,0 

0,057 

Tod  in  3".  Kein  Gerinnsel.  Typischer 
anaphylaktischer  Befund 

4 

360 

1,75 

0,04 

Keuie  Symptome 

5 

400 

1,5 

0,037 

dgl. 

Zur  biologischen  Bedeutang  der  ungesattigten  Fettsauren. 
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ProtokoU  in. 
Gesattigte  Seife,  1-proz.  Losung. 


Ge- 
wicht 

Dosis 
ccm 

210 

1,8 

500 

3,0 

340 

1,5 

Dosis  in  mgi 

pro  g 
Meerscnw. 


0,085 

0,06 

0,044 


Plotzliche  Krampfe  nach  3".  Herz  schlagt 
stark.  Kein  Gerinnsel.  Lunge  geblaht. 
Blut  fliissig. 

Kratzt.    Keine  weiteren  Symptome 

Keine  Symptome 


Zusammenfassung. 

1)  Die  Seifen  der  ungesattigten  Fettsauren  hemmen  die 
tryptischen  und  leukoproteolytischen  Fermente.  Die  Hemmung 
steht  in  direkteni  Veihaltnis  zu  der  Jodzahl  der  Fettsauren 
und  deren  Dispersitatszustand.  Durch  Absattigung  der  Fett- 
sauren wird  die  Hemmung  aufgehoben. 

2)  Tuberkelbacillen  enthalten  ungesattigte  Fettsauren, 
welche  verseift,  bedeutende  Hemmung  erzielen. 

3)  Verkaste  Gewebe  enthalten  ungesattigte  Lipoide,  welche 
die  Verdauung  hemmen.  Durch  Entfernung  dieser  Korper 
wird  das  verkaste  Gewebe  der  Trypsinverdauung  zugangllch. 
Der  Aether  oder  Chloroformextrakt  solcher  Gewebe  enthalt 
die  Hemmungskorper.  Durch  Jodbehandlung  (Absattigung  der 
ungesattigten  Fettsauren)  wird  das  verkaste  Material  leichter 
verdaulich. 

4)  Das  Serumantitrypsin  besteht  aus  den  ungesattigten 
Fettsauren  und  deren  Lipoidverbindungen  im  Serum.  Es  wird 
durch  Aether  oder  Chloroform  gelost.  Durch  Verseifung  des 
Aether-  oder  Chloroformruckstandes  kann  die  antitryptische 
Hemmungskraft  vollstiindig  zuriickerlangt  werden.  Die  antitryp- 
tische Eigenschaft  des  Serums  wird  durch  Jodabsattigung,  durch 
Wasserstotfperoxid,  sowie  auch  durch  Einwirkung  von  Jod- 
kalium  und  Jodnatrium  aufgehoben. 

5)  Antitrypsinfreies  Serum  (gewonnen  durch  Chloroform- 
oder  Aetherextraktion,  durch  Ansauren  und  Filtrieren,  durch 
Jodeinwirkung)  wirkt  hochst  giftig.  Schon  partielle  Beseiti- 
gung  des  Antitrypsins  geniigt,  um  toxische  Effekte  zu  erzielen. 

Zeitschr.  f.  ImmuniUiUforechung.  Grig.  Bd.  XXIII.  6 
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Der  Tod  wird  durch  drei  Faktoren  bedingt:  a)  eine  sofortige 
intravaskulare  Gerianung,  b)  eine  Freilegung  der  SerumeiweiB- 
korper,  welche  somit  den  Fermenten  zuganglich  werden, 
c)  eine  Bildimg  von  toxischen  Spaltprodukten  aus  Serumeiweil5 
durch  Selbstverdauung.  Hirudin  und  Na.  citricum  schutzen 
nicht  gegen  das  Serotoxin.  .Narkose  schiitzt  zum  Teil.  Vor- 
behandelte  Tiere  zeigen  eine  erhohte  Resistenz.  Jodierte 
Tiere  dagegen  eine  verminderte  Resistenz. 

6)  Anaphxlatoxinbildung  beruht  auf  Adsorption  der  Serum- 
lipoide,  mit  dadurch  folgender  Freilegung  des  SerumeiweiBes. 
Mit  Komplement  beliandelte  Bakterien  werden  nicht  abgebaut, 
sondern  zeigen  erhohte  Resistenz  gegen  Trypsin  —  durch  Ad- 
sorption des  Serumantitrypsins  bedingt. 

7)  Seifenlosungen  toten  Meerschweinchen  mit  akuten  Sym- 
ptomen  die  der  Anaphylaxie  ahneln. 
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AfALIGXAXT  .MELANOTIC  TUMOR.  PRIMARY  IN  THE 

ADRI-:XALS 

AI.WIN     M.     P.\PPENIIEIMER.     .M.l). 

{Prom   the  Department  of  Pathology.  College  of  Pliysleians  and  Surgeons. 
Columbia  liilvcrsity.  -Ycit'  ]'orI;.) 

Tlie  origin  of  nielanntic  niniiirs  from  tissues  other  tlian  the 
-kin  and  choroid  has  heen  considered  liighl}-  questionable  by  so 
.'Hid  an  authority  as  Borst.     Ne\ertlieless,  there  have  1jeen  re- 
nted from  time  to  time,  fairly  well  substantiated  cases  of  mela- 
'lic  growths  arising  from  the  adrenals.     The  number  of  cases  in 
liich  the  adrenal  origin  of  the  tumor  is  reasonably  certain,  is  very 
Miiall,  and  it  seems  desirable  to  place  on  record  an  additional 
example. 

The  patient,  a  man  50  years  of  age,  entered  the  Presb)-terian 
iiispital  .April  30,  1914. 
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CLINICAL    HISTORY 


Faifiily  History. — Negative. 

Personal  History. — Painter  for  j~,  \ears.  ( icmorrhea  ami 
syphilis  denied. 

Past  History. — T}'phoid  at  15  years.  Painter's  colic  and  Jjlne 
line  12  years  ago.  Stojjped  i)aiiiting  18  ninnths  and  recnxered. 
Otherwise  well. 

I'rcsciit  History. — (ira(hial  unset  fnnr  months  ago  with  chill 
headache.  l'"or  past  year  has  had  dull,  cramp-like  pains  in  stom- 
ach once  or  twice  a  day.  not  related  to  eating.  No  vomiting.  A 
few  days  after  headache  began,  liad  atack  of  fainting  lasting  15 
iniiuUes.  Then  remaiiie<l  in  hed  l>ecause  of  weakness.  I'^or  past 
three  weeks  legs  ha\'e  been  weak.  Ncj  wrist  or  fcjot  dro]).  Heail- 
aches  and  stomach  pains  ha\'e  continuetl  irregularly.  Bowels 
constipated.      No  disturbance  of  \ision.      Has  lost  some  weight. 

Physical  Exauiination. — Well  nourished.  No  d\'spnea  or  cya- 
nosis. Alentally  clear.  Head  normal.  l'ui)ils  small  and  equal, 
react  normalh".  .\rcus  senilis.  Upper  teeth  false,  onh"  stumps 
in  lower  jaw.  (iums  ha\e  receded  aiul  are  soft.  .Marked  bluish 
deposit  in  the  gums  at  bases  of  teeth.  Ureath  foul  and  tongue 
coatet-l.  i'ew  large  glands  in  suljina.xillarv  region.  Liiiu/s  nor- 
mal. Heart:  -\pex  4th  space,  q  cm.  to  the  left.  N^o  murmurs. 
Blooil  Pressure  142.  .  Ilnloiiieii:  Normal,  lulge  of  li\er  indis- 
tinctlv  felt  3  cm.  below  costal  margin.  Spleen  and  kidneys  not 
felt.  .All  reflexes  exaggerated.  No  (cdenia.  No  wrist-  or  foot- 
drop.  Sit/^erfieial  (/laiiils:  .Mass  in  right  axilla  about  3.3  cm.  X2 
cm.  which  feels  like  a  mass  of  glands,  is  not  teiuler,  and  freely 
moxable.  No  other  glands  enlarged.  There  is  peculiar  blackish 
deposit  in  the  s]<in  below  angle  of  right  scapula.  Lentigo  over 
])i  isteri(  ir  chest. 

May  I :  Hgb.  y^  per  cent.,  W'.R.C  12,800,  Polys.  JJ  per  cent. 

.l/(;\'  _'-■  ( )phthalinoscopic  examination  negative.  .\t  '>:45 
.\..M.  had  niaii\-  epileptic  coinulsions.  Started  with  twitching  in 
left  ;irni  and  left  side  of  face,  then  l)ecame  unconscious  and  had 
clonic  con\-nlsi\'e  movements  lasting  2-3  minutes.  \'ery  cyanotic. 
After  convulsion  pers[)ired  freely  and  was  stui)orous  for  alioul  2 


MELANOTIC    TTMOR    OF    ADRENAL  175 

hours,  then  irratiniial.  cuniplaining  of  sometliing  on  liack  of  liis 
neck  wliich  should  1je  turned  oft. 

May  _•;'.■  Phthalein  test:  Color  appeared  in  ro  minutes.  Total 
excretion  J  hrs.  J  1.7  ])er  cent.      Headache  all  da}'.      Drowsy. 

Max  I :  Lumbar  [juncture,  ])ressurc  not  increased.  Leuko- 
cytes 2.     Wassermann  negati\e. 

.l/(n'  t'  Blood  urea  0.04  ])er  cent.  Lead  present  in  urine. 
R.ll.t".  4.4.^8.000.     No  stippling.     Hgb.  78  per  cent. 

.l/(;v  0:  Increasing  stupor  for  24  hour.s.  Yesterday  restless 
and  severe  headache.     In\-olnntar\-  discharge  urine  and  feces. 

Max  j:  Dlood  \\'as.sermann  negative.    X-Ray  of  skull  negative. 

.l/av  A'.-  Phthalein  test:  Total  46.7  per  cent.  W.B.C.  20,500,, 
Polys.  80  per  cent..  Lymphos.  iQjier  cent.,  Eosinophiles 3  percent. 
No  stippling  of  red  cells.  Lumbar  puncture.  Pressure  not  in- 
creasetl.  Leukocytes  22,  nian_\-  r.l).c.  lUitxric  acid  test  positive. 
Wassermann — o. i  c.c.  Negative.  0.3  c.c.  +.  0.5  c.c.  +  +  .  Lead 
|)resent  in  urine.  On  May  7  temperature  102  .  ver)-  stupiil.  In- 
voluntar\'  deiections.      Muscles  spastic. 

.1/av  //■  Ala}-  12  \erv  stupid  with  Cheyne-Stokes  respirations. 
Brighter  tt)-da}'.  but  irrational.  No  Cheyne-Stokes  respirations. 
Muscles  very  spastic  and  reflexes  exaggerated.  Lumbar  punc- 
ture :  dr}-  ta[). 

-l/av  /.i;  Lumbar  puncture.  Slighth'  turbid  fluid  under  some 
increase  of  pressure. 

Urine:  .Sp.  Cv.  loi 3-1032.  albumen  absent  three  times,  once 
a  very  faint  trace.     No  casts. 

Tcin/ycratiirr:  Between  normal  and  100".  Occasionally  as. 
high  as  102  . 

Blood  J'rcssiirr:  94-166. 

.-hilol'sy  May  iC),  iQi -j. 

Body  is  that  of  an  adult  male  measuring  166  cm.  in  length. 
The  body  is  spare  and  ])oorl}-  nourished.  The  visible  mucous 
nieniliranes  are  pale.  Pupils  equal,  'i'here  is  slight  arcus  senilis. 
There  are  no  teeth  in  the  upper  gums.  In  the  Irjwer  jaw.  there 
are  three  incisors  and  one  canine.     The  right  middle  incisor  is 
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missing.  The  gums  are  retracted  about  the  teetli  and  spongy. 
They  show  a  dirty  lihiish  discoloration.  Li\er  mortis  is  present 
over  the  hat:k  and  dependent  portions.  There  are  numerous  hght 
lirown  spots  scattered  over  the  shoulders  and  liack.  I5eneath  the 
angle  of  the  right  scapula  there  is  a  pigmented  n;evus.  Rigor 
mortis  is  present  in  all  extremities.  The  muscles  of  the  limbs  are 
not  niiticealily  atrophied;  those  of  the  trunk  are  dry  and  a  trifle 
pale. 

The  peritoneal  cavity  is  free  from  fluid,  the  serosa  glistening 
and  smooth.  The  omentum  contains  a  moderate  amount  of  fat 
and  is  not  adherent.  The  api)endix  is  directed  upward  behind 
the  cecum.  There  are  fibrous  adhesions  between  hepatic  flexure 
and  fundus  of  gall-bladder.  Diaphragm  reaches  the  3d  inter- 
.si)acc  on  the  right  side.  4th  interspace  on  the  left  side. 

The  pleural  cavities  are  free  from  lluid  and  adhesions.  The 
])ericardiuni  contains  a  few  c.c.  of  clear  yell<nv  fluid.  Adherent 
to  the  entire  mediastinal  surface  of  tlie  pericardium  in  its  upper 
portion,  there  is  a  rounded  mass  about  the  size  of  a  walnut,  which 
on  section  is  found  to  consist  of  soft  gra\"ish-red  tumor  tissue. 

Left  I.iiiKi:  The  left  lung  weighs  520  grams,  and  is  very 
\-oluniinous.  The  jdeura  is  shin)'  and  smooth.  The  fissure  be- 
tween the  upper  and  lower  loljes  extends  only  half  wa}'  to  the 
anterior  l>or(lcr.  (3n  section  the  lung  is  e\'ery where  well  aerated, 
though  \ery  cedematous  and  mottled  here  and  there  with  a  few 
darker  retldish  areas.  The  bronchi  are  somewhat  congested  and 
contain  froiln-  fluid.  The  lironchial  lyniph  nodes  are  small  and 
pigmented.  The  pulmonary  artery  shi:)ws  a  few  yellowish  patches. 
There  are  a  few  small,  circumscribed,  houK.igeneous  white  tumor 
nodules  scattered  throughout  the  substance  of  the  lung. 

Rii/lit  Luiiy:  The  right  lung  weighs  Ooo  grams.  The  pleura 
is  normal.  There  is  on  this  side  also  an  anomalous  lobulation, 
the  fissure  between  the  upper  and  middle  lolies  being  represented 
merely  by  a  shallow  notch  at  the  posterior  border.  On  section, 
the  appearance  is  the  same  as  that  of  the  left  lung:  the  redenia 
perhaps  is  slightly  more  marked.  Small  tumor  nodules  are  found 
in.  Ixith  upi)er  and  lower  lobes.     None  of  these  exceed  a  few  mm. 


MELANOTIC    TUMOR    OF    ADRENAL  177 

in  size.  The  broncliial  lymph  nodes  are  enlarged  and  deeply  pig- 
mented. Cross  section  shows  them  to  contain  definite  nodules  of 
tumor  tissue. 

Heart:  The  heart  weighs  310  grams.  The  epicardium  is 
smooth.  There  is  a  moderate  amount  of  epicardial  fat.  Along 
some  of  the  smaller  branches  of  the  coronary  arteries,  there  are 
seen  a  few  minute  flat  whitish  nodules.  The  right  auricle  is  nor- 
mal. The  foramen  ovale  is  closed.  The  tricuspid  ring  meas- 
ures 10.5  cm.  in  circumference.  The  valves  are  normal.  The 
pulini:>nary  orifice  measures  72  mm.  in  circumference.  Wall  of 
right  \entricle  measures  4-5  mm.  in  thickness.  Left  auricle  is 
normal.  The  mitral  ring  measures  11  cm.  in  circumference.  The 
\alves  are  delicate.  The  aortic  orifice  measures  76  mm.  in  cir- 
cumference. There  are  atheromatous  patches  on  the  aortic  sur- 
face of  the  mitral  valve.  The  aortic  cusps  are  a  little  thickened 
at  their  bases.  The  edges  are  fenestrated,  but  delicate  and  freely 
movable.  The  left  \entricle  measures  12-14  "hh-  "i  thickness. 
The  heart  muscle  is  soft,  a  little  brownish,  and  on  section  shows  a 
few  darker  red  areas,  but  no  scarring.  The  coronar}-  arteries  are 
delicate  and  free  from  atheroma. 

Lk'cr:  The  liver  weighs  2,150  grams  and  measures  28  X  21  X 
9  cm.  The  surface  is  smooth,  mottled  yellowish  red  with  scat- 
tered single  lobules  of  bright  yellow  color.  On  section,  the  organ 
is  of  normal  texture,  with  distinct  lobules  having  a  reddish  center 
and  paler  grayish  periphery.  Xear  the  falciform  ligament,  in  the 
left  lobe,  there  is  a  well-circumscribed  nodule  about  1.5  cm.  in 
diameter,  not  much  raised  above  the  surface,  composed  oi  soft 
grayish  yellow  tissue  with  areas  of  opacity  and  hemorrhages. 
There  is  also  a  larger  group  of  nodules  situated  in  the  substance 
of  the  right  lobe  near  the  hilus. 

Gall  Bladder:  The  gall  bladder  is  distended  with  dark  thin  bile. 
The  mucosa  is  smooth. 

Spleen:  The  spleen  weighs  ly^  grams  and  measures  14.5  X 
9  X  4.5  cm.  The  capsule  is  roughened  in  places.  On  section, 
soft,  with  very  large  irregular  gray  follicles.  The  pulp  is  mottled 
with  small  hemorrhages. 
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Pancreas:  The  pancreas  is  of  normal  color  and  texture,  and 
free  ihrouj^hout  from  tumor  tissue.  The  splenic  artery  is  wide 
ant!  tiirtuous.      The  splenic  xein  is  empty. 

After  reniii\ini;'  the  intestines  and  stomach,  the  adrenals  are 
seen  to  l)e  replaced  hy  large  rounded  masses  of  tissue,  conform- 
ing in  a  general  way  to  the  normal  shape  of  the  adrenals,  and 
e\er)\\here  enclosed  1)}-  a  thin  capsule,  so  that  neither  the  kid- 
neys nor  the  adjacent  cellular  tissue  are  inxaded  li_\-  the  growth. 
The  two  large  adrenal  masses  together  with  the  kidneys,  ureters, 
peh'ic  organs  and  great  vessels  of  the  thorax  and  abdomen  were 
remi)\-ed  en  masse. 

The  renal  \eins  and  \'ena  cava  are  found  to  he  free  from 
thrombi  or  tumor  masses.  Several  \eins  leading  directh'  into  the 
tumor  masses  were  also  opened  antl  found  to  be  eniptv. 

Left  Adrenal:  The  left  adrenal  forms  a  m(jre  or  less  globular 
mass  which  measures  7.5  X  6  X  3-5  cm.  It  is  \'ery  soft,  almost 
fluctuating  antl  on  incising  the  mass,  the  tumor  tissue  bulges  out 
of  the  tense  capsule.  It  is  extremely  f rialile  and  soft,  shows  no  :' 
tinct  lobular  structure.  The  surface  of  the  cut  section  is  in  gen- 
eral grayish  red,  l>ut  \ariegated  in  as  much  as  one  can  distinguish 
white  areas  having  the  consistence  and  c(dor  of  brain  tissue;  with 
areas  of  cystic  softening  filled  with  fluid;  looser  gra}-ish  and 
grayish  red  portions  and  llnally  areas  of  hemorrhage.  Just  be- 
neath the  capsule  there  is  a  narrow  strip  of  ochre-colored  adrenal 
cortical  tissue  still  recogniza1)le.  which  can  be  traced  o\er  the  an- 
terior surface  for  a  considerable  distance.  So  far  as  can  be  de- 
termined, the  tumor  occupies  therefore  the  medullary  portion  of 
the  gland. 

Ri(//it  .  liirenal:  The  right  adrenal  also  is  the  seat  of  a  tumor 
ma>s  ha\ing  the  same  general  conformation  and  appearance  as 
that  described  in  the  left.  The  mass  on  the  right  side  measure? 
10  X  6  X  3  cm.  It  is  com])osed  of  the  same  sort  of  friable  tumor 
tissue  as  the  left  adrenal,  but  is  slightl}'  more  hemorrhagic. 

Kidneys:  The  right  kidney  measures  10  X  6  X  3  cmu.  The 
capsule  is  readily  stripped.  The  surface  is  smooth  and  the  cor- 
tex measures  5  mm.  in  thickness.     Striations  are  distinct  and 


MELANOTIC    Tl'MOK    OF    ADRENAL  179 

even.  The  color  is  a  uniform  reddish  lirown,  the  consistence 
firm  but  not  hard.      Tlie  vessels  are  not  prominent. 

Left  Kidney:  The  left  kidney  measures  12  X  5-5  X  4  cm. 
It  resembles  its  mate  in  all  respects. 

{ 'riiiary  Bladder:  The  mucous  memi jrane  is  normal. 

Prostate:  Tiie  prostate  is  not  enlarged,  is  symmetrical,  of 
nnrnial  structure  on  section. 

Testes:  Slij^htly  brownish,  the  tul)ules  pull  out  with  slight 
difficulty. 

CEsophagus:  Is  normal  in  its  lower  portion,  the  upjier  [jart  not 
examined. 

Stoiiiaeli:  There  is  a  circular  constriction  in  the  middle  portion, 
due  to  muscular  contraction.  The  mucosa  is  normal  throughout, 
the  folds  marked  only  in  the  pyloric  portion.  There  is  a  finger 
shaped  dixerticulum  al>out  5  cm.  in  length  antl  al)(jut  the  thickness 
of  one's  thuiub,  given  oft"  from  the  fundus,  and  directed  upward 
and  to  the  left.  .Ml  three  coats  are  apparently  represented  in  the 
wall  of  the  sac,  but  thev  are  thinned  out.  The  lining  mucosa  is 
not  altered. 

Intestines:  The  duodenum  is  normal.  Small  intestine ;  from 
the  serous  surface  one  can  see  and  feel  a  number  of  irregular 
nodules  scattered  throughout  the  jejunum  and  the  ui)per  part  of 
the  ileuuL  These  appear  from  without  as  irregular  wdiite  areas, 
shining  through  the  serosa  and  surrounded  by  injected  venules. 
After  opening  the  gut,  the  u])permost  nodule  is  found  about  5 
cm.  from  the  beginning  of  the  jejunuuL  Here  there  is  a  sub- 
mucous nodule  about  2  cm.  in  diameter  which  projects  in  poly- 
poid form  into  the  lumen.  It  is  entirely  covered  by  intact  mucosa, 
and  on  section  appears  as  a  circumscribed  homogeneous  soft  white 
mass  l}'ing  in  tlie  suljmucosa.  b'rom  this  point  on,  numerous 
similar  metastatic  nodules  are  found.  The  siuallest  ones  appear 
merely  as  oval  thickenings  of  the  valvul.'e.  Large  ones  tend  to 
become  polypoid  and  one  is  distinctly  i:)edunculated.  The  over- 
lying nuicous  membrane  is  for  the  most  part  unaft'ected,  but  o\er 
some  of  the  large  tumors,  there  is  distinct  ulceration.  The 
largest  mass  is  found  in  the  upper  part  of  the  ileuuL      It  is  oval 
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in  shape,  and  extends  about  two  thirds  around  the  L;ut.  It  pro- 
jects Hke  a  large  button  or  raised  disc  into  the  intestine.  The 
center  shows  a  ragged  crater-like  excavation,  and  the  surface  is 
strikingly  pigmented  yellow  and  black. ^ 

The  appendix  is  12  cm.  in  length.  The  lumen  is  patent  and 
the  mucosa  normal  up  to  within  2  cm.  of  tiie  tip.  where  it  be- 
comes suddenly  oliliterated.  The  large  intestine  is  mirnial 
throughout  and  is  free  from  tunmr  nodules.  The  rectum  also 
contains  no  new  growth. 

Lymph  Nodes:  The  mesenteric  l}inph  nodes  are  not  much  en- 
larged. Init  some  of  them  on  section  contain  circumscribed  tumor 
nodules.  The  retroperitoneal  and  hypogastric  lymph  nodes  are 
also  the  seat  of  metastatic  deposits,  but  are  not  much  enlarged. 
The  lymph  glands  at  the  bifurcation  of  the  trachea  form  a  packet 
of  considerable  size.  On  section  the\'  also  contain  circumscribed 
tumor  nodules,  standing  out  in  sharp  ci.intrast  to  the  anthracntic 
lymphoid  tissue. 

The  organs  of  the  neck,  head  antl  spinal  cord  could  nijt  be 
examined,  jiermission  Ijeing  witldield. 

RhiJit  Jdrcual:  Transection  after  hardening  shows  a  contin- 
uous shell  of  cortex  surrounding  the  entire  tumor  mass.  1"his  is 
thiiineil  out  to  i  mm.  or  less  on  the  anterior  surface,  and  is  thick- 
est at  the  upper  and  lower  poles,  where  one  may  distinguish  por- 
tions of  the  pigmented  zona  reticularis. 

Left  .-IdrcnaL  The  left  adrenal  is  also  enclosed  in  a  \ery  thin 
shell  of  cortical  tissue. 

JIICKOSCOPICAT.    F,X.\MINAT10N 

Tumor  Tissue:  \\\{\\  \ariations  to  be  noted,  the  tumor  tissue 
shows  the  same  structure  in  the  original  growth  and  in  the  meta- 
stases. It  is  composed  for  the  most  part  of  round  or  polyhedral 
cells  of  rather  large  size  ha\ing  a  round,  occasionally  slightly  oval 
or  indentetl  nucleus  which  stains  well  and  shows  a  finely  distrib- 
uted delicate  chromatin  network  \vilhout  a  large  or  distinct  nu- 

1  A  close  examination  of  the  intestinal  nodules  in  the  hardened  nniscum 
specimen  shows  distinct  patches  of.  a  grayish  color  scattered  through  the 
cream  colored  tumor  tissue. 
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cleolus.  In  many  places  are  found  cells  containing  two  or  three 
nuclei  and  in  a  few  places  larger  conglomerations  of  nuclei  with 
a  CDUimon  protoplasmic  syncytium.  These  giant  cells  mav  con- 
tain ten  or  twelve  closely  clustered  nuclei.  The  cytoplasm  in 
some  places  is  ver}-  indefinite,  pale,  and  finely  granular.  In  other 
places  the  cell  nutline  is  more  sharply  defined.  It  is  usually  sphe- 
ri)idal.  not  pDlygcmal,  liut  not  infrequently  is  drawn  out  into  a 
short  spindle. 

In  the  intestinal  nodules  the  cells  are  somewhat  larger  and  dis- 
posed in  a  sort  of  alveolar  arrangement.  Many  of  them  contain 
a  fine  brownish  granular  pigment,  the  amount  of  which  and  the 
color  vary  in  different  cells.  This  pigment  gives  no  iron  reaction, 
is  not  removed  by  lipoid  sohents.  and  resists  decolorization  by 
5  per  cent  sulphuric  acid  and  by  strong  alkalies.  \\'ith  poly- 
chrome methylene  blue,  it  takes  a  deep  greenish-blue  color.  The 
nuclei  of  these  pigmented  cells  show  curious  degenerative  changes. 
Many  of  them  are  shrunken  and  pyknotic.  In  others  the  central 
portion  of  the  nucleus  is  clear  and  the  chromatin  lies  against  the 
nuclear  nicmljrane  gi\"ing  a  ring  or  signet  appearance.  In  some 
cells  the  degeneration  is  more  e.xtreme  and  the  chromatin  frag- 
mented into  deeply  staining  particles  which  are  found  also  free 
between  the  intact  cells  or  as  inclusions  within  other  cells.  In  the 
intestinal  nodules  there  are  scattered  eosinophilic  leukocytes  be- 
tween the  tumor  cells.  These  also  show  the  nuclear  pyknosis  and 
fragmentation.  The  arrangement  of  the  tumor  cells  is  highly 
irregular.  In  man}'  places  they  are  loosely  aggregated  and  not 
separated  by  a  definite  stroma,  .so  far  as  can  be  judged  in  hema- 
to.xylin  eosin  stains.  They  may  form  nests  of  solid  alveoli  sepa- 
rated b)'  I  lose  strands  of  connective  tissue.  In  still  other  places 
the  indixidual  cells  are  separated  by  an  ill-defined  finely  fibrillar 
staining  sul)stance.  In  still  other  places,  and  this  is  especialh- 
conspicuous  in  the  original  tumor,  the  cells  are  grouped  in  a  more 
or  less  radial  fashion  about  thin-walled  blood  vessels.  Between 
these  mantles  of  intact  tumor  cells  there  are  often  extensive  fresh 
hemorrhages.  Large  areas  of  necrosis,  involving  not  only  the 
tumor  cells  but  the  blood  vessels  and  stroma  as  well,  are  present  in 
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many  of  ilie  niiduk's,  especially  in  ilie  large  metastatic  growths  in 
the  bronchial  l\iiii)h  nodes.  In  other  places  the  tumor  tissue  is 
rarelied  1>_\'  collections  of  fluid  coag'ulum.  Mitoses  occur  with 
moderate  frequency. 

Liiiu/s:  The  capillaries  are  \'ery  congested  and  somewhat  tor- 
tuous. The  alveoli  are  for  the  most  part  empty  but  some  of  them 
do  contain  a  loose  exudate  composed  principally  of  polynuclear 
cells  and  of  a  little  granular  coagulum.  The  tumor  ncidules  are 
well  circumscribed,  show  no  definite  relation  to  blood  vessels  and 
are  free  from  necrosis.  With  the  immersion,  isolated  cells  show 
diffuse  Ijrownish  pigmentation. 

Livcy:  Sectii.m  passes  through  a  large  tumor  nodule  in  which 
the  tumor  cells  show  a  distinct  perithelial  arrangement  with  in- 
tervening areas  of  necrosis.  It  is  surrounded  by  a  dense  fibrous 
capsule  which  sends  septa  between  ditierent  portions  of  the  tumor 
tissue.  A])out  the  tumor  nodule  there  is  a  tangential  compression 
of  the  li\'er  cells  and  a  very  striking  dilatation  of  the  capillaries 
with  formation  of  large  sinuses.  There  is  also  a  definite  oedema 
of  the  li\er  tissue  and  the  accumulation  of  many  wandering  cells 
])rincipalh-  moiumuclear  but  occasionallv  eosinophiles  both  in  the 
distended  capillaries  and  outside  of  the  capillary  wall  between  it 
and  the  compressed  li\-er  cells.  Some  of  the  li\er  columns  show 
quite  distinct  accumulation  of  brownish  granular  pigment. 

Sph'i-n:  The  sinuses  are  \ery  distinct  from  the  rather  fibrous 
pulp  and  are  well  filled  with  red  cells.     There  are  a  few  irregular 
hemorrhages.     The  ]\Ialpighian  bodies  are  moderate  sized,  com-  • 
])Osed  throughout  of  cells  of  the  small  lymiihoid  type.      The  tra- 
becuhe  and  the  blood  \essels  show  nothing  of  note. 

Kiilnry:  There  is  a  well-marked  congestion  of  all  the  capil- 
laries including  those  of  the  tufts.  The  glomeruli  arc  normal. 
The  epithelium  of  the  conxoluted  tuliules  is  somewhat  swollen. 
with  a  distinct  granulation  of  the  protoplasm.  The  blood  vessels 
show  a  slight  increase  in  the  adventitious  coat,  but  are  not  other- 
wise altered. 

Iiilcstiiial  Xoiliilcs:  Sections  through  various  intestinal  nod- 
ules sIkjw  essentialh'  the  same  picture.     The  tumor  growths  are 
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found  in  the  sul^nmcosa  or  in  the  loose  tissue  of  the  mucosa  itself. 
The  muscular  coat  in  the  larger  growth  is  compressed  Init  not  in- 
filtrated. One  of  the  nodules  has  distinctly  a  polypoid  fonn.  and 
the  mucous  memlirane  cnntinues  for  a  consideralile  distance  on 
the  inferior  surface  of  the  polyp,  hut  is  necrotic  oxer  its  convex 
portioiL 

Bronchial  Lyinpli  Glaiuls:  The  Ijronchial  h-mph  mules  are  ex- 
tensi\'ely  replaced  by  tumor  tissue.  They  show  in  addition  a  few 
old  tuberculous  foci.  In  the  capsule  of  the  gland  are  found 
irregular  brownish  concretions  in  some  places  surrounded  by  for- 
eign l)ody  giant  cells. 

Prostate:  The  ducts  are  dilated  and  filled  in  many  places  with 
desquamating  ei)ithelium  which  is  heaped  up.  In  some  of  the 
tubules  the  heaping  up  of  the  e|:)ithelium  is  so  marked  that  the 
lumen  is  [jracticallv  oliliterated.  There  is  also  a  good  deal  of 
papillary  infolding. 

Myocardiiiiii:  Aside  from  slight  oedema  and  fragmentation  of 
the  fibers,  is  normal. 

Sto)iiach:  Is  normal. 

.-Anatomical  Diagnosis:  Primary  malignant  tumor  of  adrenals, 
with  metastases  in  liver,  kmgs,  bronchial,  peritracheal,  retro- 
periti:)neal  and  mesenteric  lympli-nodes,  and  in  small  intestine. 
CEdema  oi  lungs.  Brown  atrophy  of  heart.  Diverticulum  of 
stomach.  Localized  chronic  appendicitis-with  obliteration.  Pig- 
mented n.'cxus. 

DISCUSSION 

The  primar)-  origin  of  the  tumor  from  the  adrenals  in  this  case 
seems  beyond  (piestion.  In  view  of  the  ophthalmoscopic  exam- 
ination, it  is  unlikely  that  there  existed  a  choroidal  tumor,  and 
there  were  no  cutaneous  growths  aside  from  the  small  pigmented 
n;evus,  which  showed  no  histological  signs  of  malignancy. 

In  spite  of  the  absence  of  pigment  in  the  adrenal  tumors  them- 
selves, the  melanotic  character  of  the  growth  is  perfectly  evident 
from  a  stud}'  of  the  intestinal  metastases,  in  some  of  which  the 
pigment  is  very  abundant.  One  finds  also  occasional  ])igmented 
cells  in  the  pulmonary  and  lymphatic  nodules,  but  only  after  care- 
ful search. 
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The  clieniical  reactions  of  the  pigment,  so  far  as  they  were 
studied,  agree  witli  those  given  by  the  normal  pigment  of  the 
reticular  zone.  I.ucksch'  has  studied  the  pigment  in  benign  pig- 
mented adenomata  of  the  adrenal  cortex,  and  obtained  similar 
reactiiins.  The  crude  tests  which  we  have  applied  are  at  least 
sufficient  tu  exclude  an  accidental  pigmentation  from  previous 
hemorrhages,  and  to  suggest  that  the  pigment  is  elaborated  by 
cells  derixed  from  the  adrenal  cortex. 

The  pre\iously  reported  cases  of  melanotic  tumors  of  adrenal 
origin  are  too  few  to  justify  an  extended  analysis.  In  four  of 
the  nine  reported  cases  which  I  ha\'e  been  alile  to  find,  the  data  are 
too  incomplete  to  make  the  adrenal  origin  of  the  tumors  certain. 
Thus  in  a  case  mentioned  by  Orth,^  and  described  by  Doderlein,^ 
there  is  no  record  of  the  eyes  or  skin,  and  no  microscopical  exam- 
ination. .\nother  case,  reported  l)y  Da\'idsohn.''  was  later  found 
by  Marchand  to  have  had  a  tumor  of  the  choroid.  The  data  in 
two  other  cases — one  of  Orth's  and  one  published  by  Reimann'"' — 
are  also  too  meager  to  justify  conclusions. 

The  cases  of  Schweikert,''  Davidsohn'  (Case  2),  Schmidt.' 
Schum,"  and  Molnar'"  are  well-reported,  and  include  references 
to  the  condition  of  the  eyes.  The  tumors  have  all  occurred  in 
later  life  (except  the  case  recordetl  li_\-  Alolnar  in  a  man  of  twenty- 
nine),  and  four  of  the  five  ha\'e  Ijeen  in  males.  In  all  the  cases, 
there  were  secondary  growths  in  the  gastro-intestinal  tract,  par- 
ticularly, as  in  our  case,  in  the  jejunum.  The  brain,  lungs,  lymph- 
glands  seem  also  to  lie  especialh'  dis])osed,  the  li\er  metastases,  in 
contrast  with  the  general  rule  in  melanotic  tumors,  few  or  en- 
tirely wanting.  Cutaneous  or  subcutaneous  nodules  were  usually 
present,  and  two  of  the  cases  showed  growths  in  the  bones. 

Schuni's  case  is  interesting  in  that  the  original  adrenal  tunmr 
was  pigment-free,  anil  only  the  metastases  pigmented. 
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THE  EFFFXT  OF  PENETRATING  RAYS  UPON  EX- 

PFRTAIENTAL  TUBERCULOSIS 

LKO    KESSF.L,    M.D.,    .VXD    M.    J.    SITTENFIELD,    M.D. 

{From  the  Dc['artmciit  of  Pathology  nf  the  College  of  Physicians  and  Sur- 
geons, Columbia  Uniicrsity.  Xeiv  York.) 


In  i8f/)  Lortet  and  Genoud'  first  mentioned  the  intluence  of 
X-Rays  upon  experimental  tuljerculosis.  They  used  the  simple 
X-Ray  apparatus  in  vogue  at  that  time  and  histological  studies 
were  not  made.  Rieder-  in  1899  found  that  a  certain  inhibitory 
process  was  exerted  upon  local  tuberculosis  when  the  animals 
were  exposed  to  X-Rays.  Aluhsanr  inoculated  guinea-pigs  sul)- 
cutaneously  in  the  inguinal  region  and  exposed  this  superficial 
situation  to  the,  X-Ray.  At  the  point  of  inoculation  he  noted 
in  the  ra}ed  animals  limitation  and  encapsulation  of  the  tubercu- 
lous process.  The  average  length  of  life  of  control  animals  was 
53  days  and  of  experimental  animals  67  days.  Kupferle*  later 
inoculated  rabbits  intravenously,  produced  tulierculosis  and  ex- 
posed these  animals  to  penetrating  rays ;  although  the  ray  dosage 
appears  to  liave  been  inadecjuate,  he  succeeded  in  producing  a 
fibrosis  of  the  tubercles  in  the  lungs  of  the  rayed  animals. 

Our  experiments  were  undertaken  with  the  view  of  determin- 
ing whether  the  pathological  changes  in  tuberculous  animals  were 
modified  bv  the  penetrating  rays.  Accurately  weighed  quanti- 
ties of  dried  human  tubercle  bacilli,  which  had  grown  for  3^  ■_• 
weeks  on  Dorset's  egg  medium,  were  suspended  in  sterile  salt 
•M'lution   and   used    for   inoculation   into   guinea-pigs.      The   pigs 
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varied  in  \\eii;ln  frdiii  ,^!o  to  (ijo  grains.  The  Cdiitrdl  and  ex- 
perimental animals  in  each  case  were  ai)])riixin)ateh'  etpial  in 
weight. 

h'ourteen  ]>igs  were  injected  intra\ent>nsl}-  with  i,  lOO  to 
1/200  mg.  of  the  dried  tubercle  bacilli  in  salt  solution,  while  13 
were  injected  intraperitoneallv  with  doses  ranging"  fruiu  i,  100 
to  I  10  nig.  of  the  same  cultiu'e.  (Jn  the  iJth  day  after  inocula- 
tir)n  guinea-pig  No.  20  died,  and  autopsy  re\ealed  extensive  tuber- 
culous prtjcesses  throughout  all  the  organs  and  tubercle  Ijacilli 
were  demonstrated  in  the  spleen.  Of  the  remaining  26  animals. 
7  controls  died  before  the  experiments  were  well  under  way  and  3 
ex])erimental  rmimals  died  after  one  exposure  to  the  penetrating 
rays,  necessitating  the  use,  in  some  instances,  of  one  control  to 
3  experimental  aniiuals.  On  the  32d  day  following  inoculation 
exposures  to  the  penetrating  ra}s  were  made.  The  Gauss  X-Ray 
apparatus  was  used  and  the  raws  a])])lied  to  the  dorsal.  \'entral  and 
lateral  surfaces  o\er  a  period  of  20  days,  each  animal  recei\'ing 
a  dose  of  8-10  X  to  each  surface,  in  cross  fire  fashion,  every  3d 
day.  The  focus  distance  was  20  cm.,  the  penetration  10  l'>.  and 
the  length  of  exposure  <^  minutes  to  each  surface.  The  total 
dosage  receix'ed  ranged  from  70  to  183  Kienl)ock  units.  The  ani- 
mals were  bright  and  well  and  no  external  reaction  was  observed 
in  any  of  them.  The  control  animals  li\ed  36.  38,  58,  60.  61 
antl  102  tlays  respecti\el\',  the  rayed  animals  lived  44,  ^2.  53,  ^J. 
61,  79,  1 01,  101,  102  and  102  days  respectively.  The  total  length 
of  life  of  6  control  animals  was  t,(>2  days,  a  mean  a\erage  of 
6oy3  days.  The  total  length  of  life  of  10  ex|.ierimental  animals 
was  7^2  days,  a  luean  a\'erage  of  7S''^  days.  Thus  the  experi- 
mental animals  outlived  the  controls  on  an  average  of  15  days  per 
anitual. 

The  chart  of  dm"ation  of  life  of  both  sets  of  animals  is  given 
lielow  : 

The  animals  were  autopsied  in  almost  e\'ery  case  within  24 
hours  after  death.  Macroscopicall\-  they  all  showed  tuljerculous 
lesions  in  lungs,  liver,  spleen  and  h'uiph  nodes. 

Tlie  lungs  of  the  controls  u]50n  microscopic  section  re\ealed  in- 
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tense  congestion,  hemorrhages  into  the  alveoh,  tuberculous  pneu- 
monia and  numerous  tubercles  with  central  caseation.  In  the 
rayed  animals  on  the  other  hand,  \ve  observed  very  few  tubercles 
with  cheesy  centers,  and  nian\"  of  the  tubercles  showed  fibrous  en- 
nsulation. 
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=  control  animals. 
=  treated  animals. 


In  the  liver  of  the  control  animal  large  areas  of  complete  ne- 
crosis were  seen,  some  of  these  areas  involving  an  entire  lobule. 
There  were  also  numerous  tubercles,  originating  in  the  portal 
spaces,  presenting  the  picture  of  a  progressive  lesion  with  few 
epithelioid  or  giant  cells.  -\  few  uf  the  tubercles  in  the  liver. 
notably  those  seen  in  sections  from  guinea  pig  Xo.  40,  showed  a 
certain  amoimt  of  filjrosis.  The  rayed  animals  with  the  exception 
of  No.  50  (  which  received  10  times  the  dose  of  the  others  )  re- 
vealed fewer  and  smaller  areas  of  necrosis:  as  a  rule,  the  tuber- 
cles were  miliary  in  character  and  frequently  were  surrounded 
Bby  fibrous  tissue ;  many  appeared  healed,  and  in  some  livers  there 
were  large  atrophic  areas  about  the  i)ortal  spaces  with  connective 
~-^ue  replacement. 
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In  the  spleen  of  some  of  the  control  animals  \ery  little  nor- 
mal tissue  was  \isible;  masses  of  necrotic  and  caseous  tissue  re- 
placed the  follicles.  The  sinuses  were  \ery  wide  and  separated 
by  little  pulp  tissue.  \\'ith  the-exception  of  guinea  pig  No.  40  the 
tubercles  in  the  spleen  showed  little  fibrosis.  In  the  rayed  animals 
many  tubercles  in  the  spleen  were  completely  fibrosed  and  few  of 
them  showed  small  caseous  centers. 

The  lymph  nodes  of  the  control  animals  contained  large  areas 
of  caseation  and  some  small  areas  of  fibrosis,  while  the  nodes  of 
the  rayed  animals  contained  a  few  tubercles  with  central  caseation 
and  many  completely  fibrosed  tubercles. 

hVom  these  ex])erimeiits  the  following  conclusions  mav  be 
drawn : 

1.  Guinea-pigs  in  which  experimental  tuberculosis  has  been 
produced  and  which  ha\e  subsec|uently  been  exposed  to  penetrat- 
ing ravs,  live  longer  than  their  controls. 

2.  Caseation  is  less  evident  in  the  tuberculous  lesions  of  the 
rayed  animals,  and  filjrosis  about  the  individual  tubercles  is  more 
marked. 

These  C(.)nclusions  may  appear  more  significant  when  consid- 
eration is  taken  of  the  fact  that  radiation  was  instituted  at  an 
unfavorable  stage  of  the  disease,  when  the  tuberculous  process 
was  widespread  and  bad  undergone  caseation.  Further  exper- 
iments are  being  pursued  to  study  the  effect  of  radiation  in  the 
earlier  stages  of  tuberculosis,  and  to  determine  the  period  at 
which  these  lesions  are  most  fa\'orably  influenced.  The  details 
and  jirotocols  of  the  entire  study  are  reser\-ed  for  future  publi- 
cation. 

1.  LoRTF.T  .XM)  Grxoum:   Tuberculose  Experimentale  Attemiec  par  la  radia- 

tion Rontgen.     Ca:.  des  Hop..  1896,  No.  78,  p.  787. 
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3.  MuHSAM.  R. :  Versuche  mit  Rontgenstrahlen  bei  Experimcntellcr  Tuber- 

culose, Dtscli.  Ztschr.  f.  Chir..  1898,  xlvii,  365. 
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Though  iodin  in  the  form  of  inorganic  iodids  or  as  organic  com- 
pounds has  been  used  for  years,  and  is  one  of  the  most  important 
drugs  in  the  Pharmacopeia,  little  is  known  concerning  its  action  in  the 
body.  This  lack  of  knowledge  applies  particularly  to  its  effect  in 
causing  the  absorption  of  necrotic  material  such  as  is  found  in  gummas. 

The  results  obtained  with  the  iodids  have  been  variously  ascribed 
to  their  influence  in  the  general  metabolism  of  the  body ;  to  their  sup- 
posed action  in  causing  a  fall  in  blood-pressure ;  to  a  change  in  the 
viscosity  of  the  blood ;  to  a  lymphocytosis ;  to  an  increase  in  the  activity 
of  the  lymphatics,  and  to  the  oxidizing  properties  of  the  nascent  iodin. 

Binz'  and  Hinz-  believed  its  action  to  be  due  to  the  oxidizing  prop- 
erties of  the  nascent  iodin,  which,  according  to  Hinz,  renders  the 
blood-vessels  more  permeable  and  makes  the  leukocytes  more  active. 
Romberg^  suggests  that  its  action  may  be  due  to  some  change  in  the 
blood,  and  Miiller  and  Inada*  state  that  this  change  consists  in  an 
alteration  of  the  viscosity.  Determann,^  however,  denies  that  there  is 
a  change  in  the  viscosity  of  the  blood  following  the  administration  of 
iodids. 

Various  authors  have  ascribed  the  action  of  iodin  to  its  property  of 
causing  a  fall  in  blood-pressure,  but  Stockman  and  Charteris"  state 
that  there  is  no  fall  in  blood-pressure  when  iodids  are  given.  Lehn- 
dorf,'  however,  in  a  recent  paper  states  that  iodids  do  cause  a  fall  of 
the  blood-pressure,  and  believes  that  the  lowered  blood-pressure  aids 
healing  by  permitting  a  better  circulation  of  blood  through  the  dis- 
eased area. 

Much  work  has  been  done  on  the  absorption,  distribution  and 
excretion  of  iodin ;  we  shall,  however,  refer  only  briefly  to  this.  All 
who  have   investigated   the   subject   have   found   that   the   inorganic 


*  From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Sur- 
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iodids  are  absorbed  very  rapidly,  and  in  the  main  are  excreted  as 
inorganic  compounds,  while  the  organic  compounds,  especially  those 
in  which  the  iodin  is  combined  with  fatty  acids,  as  in  iodipin,  are 
absorbed  and  excreted  more  slowly.  According  to  Winternitz,^  iodipin 
is  absorbed  from  the  intestinal  tract  as  iodized  fatty  acids,  and  by 
oxidation  of  these  the  iodin  is  split  off  and  is  excreted  principally  in 
the  form  of  inorganic  iodids.  Wells^  concludes  from  his  work  that 
when  iodipin  is  injected  into  the  subcutaneous  tissues  it  is  carried  in 
the  blood  chiefly  as  inorganic  iodids.  McLean^"  made  a  study  of  the 
distribution  of  iodin  in  the  body  of  rabbits  which  had  received  several 
doses  of  potassium  iodid,  and  found  that  the  lipoid  fractions  of  the 
tissues  contained  32  per  cent,  and  the  water-soluble  fraction  67  per 
cent,  of  the  iodin.  The  extracted  protein  contained  no  iodin.  The 
older  view  that  iodin  combines  with  the  proteins  of  the  body  has  been 
disproved  by  McLean  and  other  observers.  We  believe  we  are  justified 
in  assuming  that  a  large  part  of  the  iodin  combines  with  the  lipoids, 
as  the  work  of  McLean  and  Winternitz  indicates  that  such  organic 
compounds,  whether  given  as  such  or  formed  in  the  body,  are  in  turn 
readily  oxidized,  and  the  iodin  excreted  chiefly  as  inorganic  compounds. 
Broking"  has  shown  that  iodin  administered  as  iodized  fats  or  fatty 
acids  is  not  excreted  so  rapidly  as  when  given  in  the  form  of  potassium 
iodid.  This  is  to  be  expected,  as  absorption  would  be  less  rapid,  and 
new  compounds  must  be  formed  before  it  can  be  excreted,  whereas 
potassium  iodid  is  more  readily  absorbed  and  excreted  as  such. 

Reference  books  on  pharmacology  and  therapeutics  afford  but  little 
information  on  the  action  of  iodin.  Forschheimer^^  states  that  iodin 
stimulates  the  activity  of  the  lymphatics  and  increases  the  energ)'  of 
the  nutritive  processes,  and  thus  promotes  the  absorption  of  disease 
products.  Schmiedeberg^^  states  that  iodin  does  not  exert  a  specific 
action  on  any  organ,  but  causes  a  change  in  metabolism  and  in  nutritive 
processes  in  general. 

In  the  present  work  we  have  confined  our  investigations  of  the 
action  of  iodin  to  its  influence  on  the  antitrypsin  of  the  blood  and 
tissues,  as  we  believe  that  the  antitrypsin  is  the  most  important  factor 
in  preventing  the  resolution  of  necrotic  tissues  such  as  are  found  in 
infarcts,  and  in  the  caseous  areas  in  syphilis  and  tuberculosis. 
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ANTITRYPSIN 

In  a  recent  publication^*  we  reported  that  the  ferment-inhibiting 
action  of  serum  is  due  to  the  presence  of  compounds  of  the  unsaturated 
fatty  acids.  The  ease  with  which  they  can  be  extracted  by  chloroform 
or  ether  indicates  that  they  are  either  free  acids,  or  that  they  are 
combined  with  lipoids.  The  iftfluence  of  chloroform  on  the  antitrypsin 
of  serum  and  the  rapidity  with  which  it  acts  is  shown  in  Chart  1.  In 
this  experiment  two  volumes  of  chloroform  were  added  to  fresh  serum 
and  the  mixture  was  placed  in  the  incubator  for  one  hour.  During 
this  time  it  was  shaken  thoroughly  at  short  intervals.  At  fifteen-minute 
intervals  some  of  the  serum  was  removed  and  tested  for  its  ferment- 
inhibiting  properties.  In  separating  the  serum  from  the  chloroform  it 
is  necessary  to  centrifuge  at  high  speed  for  about  five  to  ten  minutes. 
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Chart   1. — Rate  of  removal  of   serum  antitrypsin  by  chloroform  extraction 
at  37  C.  (98.6  F.). 


and  then  to  filter  several  times  through  coarse  filter-paper  until  the 
serum  is  quite  clear  and  all  the  chloroform  evaporated.  This  experi- 
ment demonstrates  that  the  ferment-inhibiting  action  of  the  serum  is 
almost  wholly  lost  after  sixty  minutes'  incubation  with  chloroform. 

That  the  inhibiting  action  is  due  to  fatty  acids  is  shown  by  the 
following  experiment,  the  results  of  which  are  shown  in  Chart  2. 

Ether  was  added  to  fresh  dog-serum,  and  the  mixture  was  allowed 
to  stand  at  room  temperature  for  two  days.  The  ether  was  then 
removed,  evaporated  to  dryness  and  the  substance  remaining  saponified 
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by  means  of  sodium  alcoholate.  After  evaporating  to  dryness,  the 
soaps  were  dissolved  in  water,  the  acids  liberated  in  the  usual  manner, 
taken  up  in  ether  and  resaponified.  These  soaps  and  some  of  the 
untreated  serum  were  then  tested  to  find  out  their  ferment-inhibiting 
action. 

The  chart  shows  that  the  soaps  prepared  from  the  ether  extract 
cause  nearly  as  much  inhibition  as  the  untreated  serum.  Subsequent 
experiments  showed  that  the  chloroform  and  ether  extracts  lost  their 
ferment-inhibiting  action  if  they  were  first  treated  with  iodin,  which 
indicates  that  the  active  agents  were  the  unsaturated  fatty  acids. 

The  demonstration  that  the  antitryptic  action  of  the  blood  and  of 
tuberculous  caseous  matter  is  due  to  the  presence  of  unsaturated  fatty 
acids  suggested  to  us  the  possibility  that  the  action  of  iodin  in  the  body 
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Chart  2. — Antitryptic  effect  of  saponified  ether  extract  of  normal  serum. 
Solid  line,  inhibition  of  normal  serum ;  broken  line,  inhibition  of  saponified 
extract. 


may  be  due  to  a  combination  with  the  fatty  acids,  thus  causing  a 
neutralization  of  the  activity  of  these  substances  as  ferment-inhibiting 
agents.  If  this  supposition  proved  true,  the  neutralization  of  the 
activity  of  these  agents  should  lower  the  antienzyme  strength  or  the 
blood-tissues  in  general  and  permit  the  removal  of  dead  tissues  by 
autolysis. 

The  next  experiment  was  made  to  determine  the  influence  of  potas- 
sium iodid  on  the  antitrypsin  of  guinea-pig  serum. 

Fresh  guinea-pig  serum  was  mixed  with  potassium  iodid  in  the 
proportion  of  0.2  gm.  of  the  iodid  to  1  c.c.  of  the  serum,  and  the  mix- 


ture  placed  in  the  incubator  over  night.  Some  of  the  untreated  serum 
was  used  as  a  control.  Chart  3  shows  the  results  of  this  experiment. 
The  chart  shows  the  great  decrease  in  antitryptic  strength  of  the 
serum  after  treatment  with  potassium  iodid.  Similar  results  were 
obtained  when  the  serum  was  treated  with  hydrogen  dioxid.  The  fore- 
going observations  led  us  to  study  the  antitryptic  strength  of  the  serum 
of  patients  to  whom  iodids  were  being  given.  It  seemed  probable, 
especially  from  the  results  obtained  by  McLean,  that  some  of  the  iodin 
would  combine  with  the  unsaturated  fatty  acids  of  the  body,  and  as  a 
result  lower  the  antitryptic  strength  of  the  serum  and  of  the  tissues  in 
general.  This  decrease  in  antitrypsin  would  permit  the  ferments  nor- 
mally present  in  the  necrotic  areas  to  become  active,  and  thus  hasten 
autolysis. 
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Chart  3. — Effect  of  potassium  iodid  on  antitrypsin  of  guinea-pig  serum.  Solid 
line,  normal  serum ;  brolten  line,  normal  serum  with  potassium  iodid  incubated 
over. night. 


We  are  greatly  indebted  to  Drs.  J.  Fordyce,  W.  McMurty  and 
C.  Sharpe  for  furnishing  us  with  the  clinical  material  used  in  this 
study,  and  also  for  regulating  the  dosage  of  iodids  and  determining 
the  clinical  condition  of  the  patients  while  the  work  was  progressing. 
Thirteen  cases  were  studied,  eleven  of  which  were  syphilitics.  In  each 
instance  the  blood  was  tested  before  iodids  were  given.  The  second 
test  was  made  when  the  patient  was  receiving  about  100  grains  a  day, 
and  the  third  when  he  had  reached  the  limit  of  tolerance.  We  were 
unable  to  carry  out  this  plan  in  all  cases,  as  the  patients  did  not  always 
follow  directions. 
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In  making  the  tests  the  trypsin  was  mixed  with  the  various  dilu- 
tions of  serum  and  incubated  thirty  minutes.  Two  c.c.  of  a  1  per  cent, 
casein  solution  was  then  added  to  each  tube,  and  the  mixtures  were 
incubated  one  hour.  The  contents  of  the  tubes  were  then  acidified 
with  a  mixture  containing  IC  per  cent,  glacial  acetic  acid  and  20  per 
cent,  sodium  chlorid  and  the  tubes  placed  in  boiling  water  for  from 
five  to  ten  minutes.  The  mixtures  were  then  filtered  through  kaolin, 
and  non-coagulable  nitrogen  was  determined  by  the  method  recom- 
mended by  Folin  and  Denis.^^  The  results  are  given  in  percentage  of 
total  control  digestion.  The  trypsin  used  in  this  work  was  prepared 
according  to  the  method  described  in  a  previous  paper,^''  and  made 
into  solution  when  required. 


Chart  4. — Average  of  human  cases  on  potassium  iodic!  (110  gr.). 


Chart  4  gives  the  average  of  the  antitryptic  strength  of  the  serums 
of  the  thirteen  cases  before  and  after  using  iodids.  The  black  line 
represents  the  strength  of  the  serums  before  iodids  were  administered, 
and  the  dotted  line  the  average  strength  of  the  serums  when  the 
patients  were  taking  about  110  grains  a  day.  The  action  of  the  iodids 
is  best  seen  in  the  dilutions  beginning  with  0.05  c.c.  of  serum,  though 
some  efifect  is  observed  in  the  more  concentrated  solutions. 

This  series  of  cases  is  not  large,  but  sufficiently  so  to  show  that 
iodids  administered  to  human  beings  cause  a  very  considerable  reduc- 
tion in  the  antitryptic  activity  of  the  blood.  The  difference  is  not  so 
evident  when  larger  amounts  of  serum  are  used,  as  here  there  is  an 
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excess  of  the  enzyme-inhibiting  agent  over  that  necessary  to  neutralize 
the  amount  of  trypsin  used;  but  in  great  dilutions  the  difference  is 
very  obvious. 

It  is  of  interest  to  note  that  in  the  two  cases  of  iodism  the  anti- 
ferment  was  much  higher  than  it  had  been  during  the  course  of  treat- 
ment. This  increase  in  the  antitrypsin  may  be  due  to  the  failure  of 
the  iodin  to  combine  with  the  unsaturated  fatty  acids,  or  to  an  increase 
of  lipoids  following  the  destruction  and  disintegration  of  cells  as  a 
result  of  the  toxic  action  of  the  iodin.  It  is  probably  due  to  the  latter 
factor.  It  is  possible  that  when  large  doses  of  iodids  are  given  there 
may  be  localized  areas  in  which  the  anti  ferments  are  completely  neu- 
tralized ;  with  a  consequent  destruction  of  cells  by  the  ferments  present 
and  a  liberation  of  lipoids.  Thus  an  increase  in  antitrypsin  is  found 
in  almost  every  case  in  which  a  protein  intoxication  causing  cellular 
injury  with  mobilization  of  lipoids  is  induced  experimentally,  as  after 
anaphylactic  shock,  after  burns,  after  serotoxin  and  anaphylatoxin 
injection.  The  iodin  may  also  combine  with  and  neutralize  the  pro- 
tective substances  in  the  cell  wall  and  thus  permit  the  ferments  to  act 
on  them.    This  may  partially  explain  the  toxic  action  of  iodin. 

We  have  recently  shown^'^  that  serum  deprived  of  its  antitrypsin 
becomes  toxic  for  the  species  from  which  it  is  obtained.  If  guinea-pig 
serum  is  shaken  thoroughly  with  two  volumes  of  chloroform  and  then 
placed  in  the  incubator  for  one  hour,  it  becomes  so  toxic  that  2  or  3  c.c. 
injected  intravenously  will  kill  a  guinea-pig  weighing  from  250  to 
300  gm.  If  the  mixture  of  serum  and  chloroform  is  permitted  to 
remain  in  the  incubator  twenty-four  hours,  0.3  c.c.  will  frequently  kill 
a  guinea-pig  of  this  weight.  The  toxicity  of  serum  treated  in  this 
manner  is  due  to  the  fact  that  the  chloroform  removes  the  antitrypsin, 
and  when  this  occurs,  the  ferments,  which  are  normally  present,  act 
on  the  unprotected  serum  proteins  and  produce  the  toxins.  Autolysis 
occurs  to  a  very  slight  degree  during  the  first  hour  in  the  incubator, 
but  after  twenty-four  hours  there  is  a  considerable  increase  in  non- 
coagulable  nitrogen.  Up  to  a  certain  point  the  toxicity  increases  in 
proportion  to  the  degree  of  autolysis,  but  it  then  decreases  rapidly, 
owing  to  further  cleavage  of  the  toxic  substances.  Similar  results 
may  be  obtained  with  any  agent  which  absorbs  the  antitrypsin.  Thus 
we  have  found  that  kaolin,  agar,  certain  toxins  and  bacteria  act  in  the 
same  manner,  though  to  a  less  degree.  The  antitryptic  action  of  the 
serum  may  be  destroyed  without  removing  the  lipoids.  Certain  oxidiz- 
ing agents,  such  as  iodin,  saturate  the  unsaturated  carbon  bonds  of  the 
fatty  acids,  and  in  this  way  destroy  their  antitryptic  action,  and  render 
the  serums  toxic.     In  our  study  of  these  toxins  we  found  that  the 


17.  Jobling,  J,,  and  Petersen,  W. :    Jour.  Exper.  Med.,  1914,  xix,  480. 
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toxicity  of  the  serums  treated  by  the  diflferent  methods  depended  on 
the  degree  to  which  the  antitrypsin  had  been  removed.  Autolysis  of 
the  serum  also  depends  on  this  factor. 

If  the  action  of  the  iodin  in  causing  absorption  of  necrotic  material 
is  due  to  the  general  lowering  of  the  antitrypsin,  large  doses  should 
cause  an  increase  in  the  nitrogen  output  owing  to  the  increase  of  pro- 
teolysis. The  results  of  a  number  of  experiments  with  dogs  indicate 
that  the  iodids  do  increase  the  nitrogen  output,  but  these  experiments 
are  not  sufificiently  advanced  to  enable  us  to  report  on  them  at  this  time. 

TUBERCULOSIS 

There  is  a  general  impression  among  clinicians  that  iodids  are 
harmful  in  tuberculosis,  as  they  promote  the  spread  of  the  infection  by 
causing  a  softening  of  the  tubercles,  and  also  interfere  with  connective- 
tissue  formation.  On  the  other  hand,  L.  Bondreau^^  regards  iodin  as 
a  specific  in  tuberculosis.  He  begins  treatment  with  small  amounts  of 
the  tincture  (the  French  tincture  contains  8.5  per  cent,  of  iodin  in 
95  per  cent,  alcohol),  and  increases  the  dose  to  100  drops  a  day.  He 
states  that  some  of  the  patients  pushed  the  doses  themselves  to  200  or 
300  drops  a  day,  and  one  patient  took  400  drops  a  day  without  the 
slightest  inconvenience. 

Loeb  and  Michaud'^  found  that  when  iodin  compounds  were 
injected  into  the  body  tuberculous  areas  took  up  more  iodin  than  the 
other  tissues.  They  observed  that  a  tuberculous  rabbit's  eye  contained 
about  twice  the  amount  of  iodin  present  in  the  normal  one,  and  that 
caseous  lymph-glands  of  guinea-pigs  contained  more  iodin  than  any  of 
the  normal  organs.  Wells  and  Hedenberg-"  repeated  the  work  of  Loeb 
and  Michaud,  but  in  addition  made  experiments  to  determine  the 
power  of  necrotic  tissue  in  general  to  take  up  and  hold  iodin.  The 
authors  found  that  tuberculous  lymph-glands  do  take  up  relatively 
more  iodin  from  the  blood  than  from  the  liver,  spleen  and  other  glands 
of  the  same  animal.  When  the  caseous  material  was  abundant  enough 
to  permit  of  separation  from  the  rest  of  the  gland  substance,  it  was 
found  to  contain  more  iodin  than  did  the  non-caseous  portion.  An 
important  part  of  their  work  was  the  demonstration  that  iodin  was 
taken  up  equally  well  by  necrotic  tissues  and  exudates  produced 
experimentally.  They  conclude  that  the  large  amount  of  iodin  present 
in  necrotic  tissues,  whether  tuberculous  or  otherwise,  is  dependent  on 


18.  Bondreau,  L. :    Jour,  de  med.  de  Bordeaux,  1914,  Ixxxv,  1. 

19.  Loeb,  O.,  and  Michaud:    Biochem.  Ztschr.,  1907,  iii,  301. 

20.  Wells,  H.,  and  Hedenberg,  O.:    Jour.  Infect.  Dis.,  1912,  xi,  349. 
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purely  physical  conditions,  and  not  on  a  chemical  attraction  or  physical 
absorption. ^^ 

Since  the  reports  of  Mosetig  and  Moorhof,"-  iodin  in  the  form  of 
iodoform  has  been  used  extensively  in  the  treatment  of  local  tuber- 
culous conditions.  Bruns  and  Nauwerck-^  found  that  the  walls  of 
abscesses  treated  in  this  manner  were  invaded  by  leukocytes,  but  they 
ascribed  the  disappearance  of  tubercle  bacilli  in  the  inflated  tissues  to 
the  germicidal  action  of  the  iodoform.  Heyn  and  Rovsig"*  and  others, 
however,  showed  that  iodoform  has  no  germicidal  action  on  tubercle 
bacilli.  In  1904  Heile^^  demonstrated  the  presence  of  proteolytic  fer- 
ments in  die  pus  of  tuberculous  abscesses  treated  with  iodoform,  and 
ascribed  the  curative  action  of  the  iodoform  to  the  accumulation  of 
leukocytes.  WeiP**  injected  iodoform-glycerin  mixtures  subcutaneously 
into  both  healthy  and  tuberculous  individuals  in  order  to  study  their 
influence  on  the  blood.  Immediately  following  the  injection  there  was 
an  increase  in  the  polynuclear  cells  and  a  decrease  in  the  number  of 
lymphocytes,  but  this  was  soon  followed  by  an  increase  in  the  lympho- 
cytes and  a  decrease  in  the  polynuclears.  Most  of  the  investigators 
believe  that  the  active  component  of  the  iodoform  is  the  iodin,  and  as 
it  is  known  that  the  administration  of  iodin  causes  an  increase  in  the 
number  of  lymphocytes  in  the  blood,  Gianasso^^  and  others  ascribe  its 
action  to  these  cells.  According  to  Bartel  and  Neuman,-^  the  lympho- 
cytes contain  substances  which  neutralize  the  toxins  of  the  tubercle 
bacilli,  and  BergelP'  believes  that  this  action  of  the  lymphocytes  is  due 
to  their  containing  lipase  which  acts-on  the  neutral  fat  of  the  tubercle 
bacilli.  Rothschild^"  believes  that  iodin  stimulates  phagocytosis  as  he 
found  that  a  much  larger  number  of  the  tubercle  bacilli  in  the  sputum 
of  tuberculous  patients  receiving  iodids  were  intracellular. 

In  our  work^^  on  the  antiferments  contained  in  tubercle  bacilli  and 
in  tuberculous  caseous  material,  we  found  that  the  enzyme  inhibiting 


21.  In  a  recent  paper  Lewis  and  Krauss  (Jour.  Biol.  Chem.,  1914,  xviii,  313) 
have  demonstrated  that  tuberculous  tissue  from  animals  which  were  never  under 
iodin  treatment  may  contain  very  appreciable  amounts  of  iodin,  thus  throw- 
ing some  doubt  on  the  conclusions  reached  by  Loeb  and  Michaud  and  by  Wells 
and  Hedenberg. 

22.  Mosetig  and  Moorhof:    Wien.  med.  Wchnschr.,   1880,  xxx,   1174. 

23.  Bruns,  P.,  and  Nauwerck,  C. :    Beitr.  z.  klin.  Chir.,  1887,  iii,  133. 

24.  Heyn,  C,  and  Rovsig,  T. :    Fortschr.  d.  Med.,  1887,  v,  258. 

25.  Heile:    Ztschr.  f.  klin.  Med.,  1904,  Iv.  508. 

26.  Weil,  W.:    Ztschr.  f.  Chemotherap.,  1913,  Orig.,  i,  412. 

27.  Gianasso :    Referred  to  in  Miinchen.  med.  Wchnschr.,  1905,  Hi,  1990. 

28.  Bartel,  J.,  and  Neuman,  W. :  Centralbl.  f.  Bakteriol.,  1905-1906,  Orig., 
xl,  723. 

29.  Bergell:    Miinchen.  med.  Wchnschr.,  1910,  Ivii,  1683. 

30.  Rothschild,  W. :    Deutsch.  med.  Wchnschr.,  1913,  xxxix,  404. 

31.  Jobling,  J.,  and  Petersen,  W. :  Jour.  Exper.  Med.,  1914,  xix,  251;  ibid., 
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action  was  due  to  the  unsaturated  fatty  acid  radicles  of  the  lipoids. 
At  first  we  believed  that  this  action  was  due  entirely  to  the  soaps  of 
the  unsaturated  fatty  acids,  but  subsequent  work  showed  that  a  large 
portion  of  the  enzyme-inhibiting  agents  could  be  removed  by  extracting 
with  chloroform.  The  substances  contained  in  the  chloroform  extracts 
are  not  active  as  antienzymcs  when  suspended  in  salt  solution,  as  they 
are  insoluble;  but  the  sodium  soaps  prepared  from  these  acids  are 
active,  and  we  found  that  their  activity  was  in  proportion  to  the 
degree  of  their  unsaturation. 

In  our  study  of  soaps  as  enzyme-inhibiting  agents^''  we  found  that 
certain  unsaturated  fatty  acids  in  the  form  of  soaps  were  very  active 
as  antiferments,  but  that  this  action  was  lost  if  the  acids  were  first 
saturated  with  iodin.  These  experiments  were  repeated  with  the 
chloroform  extracts  of  tuberculous  caseous  material  and  with  unex- 
tracted  caseous  material,  with  the  result  that  the  soaps  prepared  from 
the  chloroform  extracts  became  inactive,  and  the  caseous  matter  which, 
previous  to  treatment  with  iodin,  had  not  been  acted  on  by  trypsin, 
became  readily  attacked.  The  loss  of  antienzyme  action  cannot  be 
attributed  to  any  activating  influence  on  trypsin,  as  iodin  inhibits  the 
action  of  this  ferment. 

Thus  we  have  definite  evidence  of  the  action  of  the  iodids  on  tuber- 
culous tissue,  and  the  explanation  of  the  well-known  clinical  observa- 
tion that  iodids  cause,  tubercle  bacilli  to  appear  in  the  sputum  of 
patients  with  pulmonary  tuberculosis,  though  they  were  previously 
absent.  When  iodids  are  taken  into  the  tissues  a  portion  of  the  iodin 
is  liberated  and  combines  with  the  unsaturated  carbon  atoms  of  the 
fatty  acids.  As  soon  as  this  occurs  in  necrotic  tissue  to  a  degree  suffi- 
cient to  lower  or  remove  the  antiferment  action,  autolysis  ensues,  as 
in  most  instances  ferments  are  present.  That  the  inorganic  iodids 
diffuse  readily  throughout  caseous  matter  and  are  thus  in  a  position  to 
furnish  the  iodin  has  been  shown  by  Loeb  and  Michaud,  and  Wells 
and  Hedenberg. 

Tubercles  and  caseous  areas  may  be  present  in  the  lung,  but  unless 
they  open  into  the  air  passages  tubercle  bacilli  may  be  absent  in  the 
sputum.  If  iodids  are  now  given,  the  caseous  matter  begins  to  soften, 
and  is  more  likely  to  rupture  into  the  bronchi,  and  the  bacilli  then  dis- 
charged in  the  sputum.  A  somewhat  similar  explanation  may  be 
advanced  to  explain  the  softening  and  rupture  of  caseous  areas,  as  in 
lymph-glands,  when  they  are  secondarily  invaded  by  streptococci, 
staphylococci,  etc.  With  the  invasion  of  the  infecting  organism  there 
is  an  increase  of  the  blood-supply  and  an  infiltration  with  polymor- 
phonuclear cells ;  the  increased  blood-supply  tends  to  dilute  and  wash 
out  the  excess  antiferment,  and  the  ferments  liberated  from  the  pus- 
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cells,  with  that  already  present,  overcome  the  antiferment  remaining, 
and  softening  occurs. 

The  sudden  discharge  of  the  softened  caseous  material  into  the 
bronchi  as  a  result  of  the  action  of  the  iodin  would  also  explain  the 
occurrence  of  hemorrhages,  as  it  would  leave  unsupported  any  blood- 
vessels traversing  the  mass  whose  walls  had  been  involved  in  the  tuber- 
culous process  to  a  degree  that  would  render  them  unable  to  withstand 
the  blood-pressure  without  some  outside  support.  We  must  bear  in 
mind  the  possibility  and,  in  fact,  probability,  that  with  the  softening 
and  absorption  of  these  caseous  areas,  the  tubercle  bacilli  may  be  dis- 
seminated. The  action  of  the  iodids  in  causing  a  general  reduction  in 
the  antiferments  of  the  serum  must  also  be  remembered;  this  reduction 
in  the  serum  antitrypsin  would  aid  in  bringing  about  the  softening  and 
removal  of  the  caseous  material. 

SYPHILIS 

Clinical  experience  teaches  us  that  in  the  tertiary  stage  of  syphilis 
iodin  is  almost  a  specific  in  bringing  about  the  amelioration  of  symp- 
toms and  the  disappearance  of  lesions,  and  yet  little  is  known  concern- 
ing the  means  by  which  these  results  are  obtained.  In  reviewing  the 
literature  it  was  found  that  literally  hundreds  of  articles  had  been 
written  on  the  action  of  iodin  in  syphilis,  but  not  one  gave  a  rational 
explanation. 

In  order  to  arrive  at  some  understanding  concerning  the  action  of 
iodin  in  syphilis  tv/o  points  must  be  considered :  First,  Does  it  destroy 
the  infecting  organism?  Or,  second,  does  it  merely  bring  about  reso- 
lution of  the  process,  and  leave  the  infecting  organism  to  produce 
similar  lesions? 

Authorities  on  this  subject  are  unanimous  in  the  belief  that  iodids 
are  not  curative  in  the  sense  that  they  prevent  the  return  of  the  lesions ; 
this  can  be  accomplished  only  when  the  iodids  are  combined  with  some 
other  form  of  treatment.  Tomasczawski^-  found  that  the  administra- 
tion of  iodin  does  not  prevent  the  development  of  experimental  syphilis 
in  monkeys  and  rabbits ;  neither  has  it  a  curative  action ;  but  iodized 
animals  recovered  quickly  when  given  mercury.  That  iodin  does 
penetrate  into  syphilitic  tissues  has  been  shown  by  O.  Loeb.^^  This 
author  made  quantitative  determinations  of  the  amount  of  iodin  in 
the  blood  and  lymph-glands  of  syphilitic  patients  who  had  received 
large  doses  of  sodium  iodid.  He  found  that  the  unsoftened  lymph- 
glands  contained  3.3  times   and  the   softened  glands  6.2  times  the 


32.  Tomasczawski :    Deutsch.  med.  Wchnschr.,  1910,  xxxvi,  653. 
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amount  of  iodin  present  in  the  blood.  He  states  that  most  of  the 
iodin  was  present  as  an  organic  compound  which  was  insoluble  in 
alcohol. 

Wells  criticizes  the  technic  used  by.  Loeb,  and  states  that  he 
always  obtained  larger  amounts  of  iodin  in  the  blood.  In  reply  to  the 
criticism  of  Wells  and  Hedenberg,  Loeb^*  states  that  iodin  is  not 
present  in  syphilitic  tissues  merely  as  the  result  of  diffusion,  but  that 
it  exists  as  a  true  chemical  combination  with  the  constituents  of  the 
tissues. 

As  experimental  work  and  clinical  observations  have  demonstrated 
that  the  iodids  do  not  destroy  the  infecting  organism,  we  must  assume 
that  the  results  obtained  are  due  to  the  power  the  iodids  possess  of 
causing  resolution  of  the  lesions  present.  That  this  actually  occurs 
will  be  attested  to  by  every  clinician  of  experience. 

Owing  to  its  scarcity  we  have  not  been  able  to  examine  material 
from  gummas,  and  so  we  are  unable  to  state  positively  that  the  anti- 
enzymes  present  are  similar  to  those  found  in  tuberculous  caseous 
matter;  but  it  is  probable  that  the  same  agents  are  active  here  as  in 
those  anemic  infarcts  in  which  autolysis  does  not  occur.  If  this 
assumption  is  correct,  it  is  not  difficult  to  explain  why  large  gummas 
rapidly  disappear  when  the  patient  is  brought  under  the  influence  of 
iodids.  It  is  due  to  the  fact  that  the  unsaturated  fatty  acid  radicals 
which  inhibit  autolysis  have  become  saturated  with  iodin.  As  soon  as 
this  occurs,  the  ferments  which  are  present,  or  which  may  be  brought 
in,  become  active,  autolysis  takes  place  and  the  necrotic  tissue  is 
absorbed.  Here,  also,  the  local  action  of  the  ferments  is  made  less 
difficult  by  the  reduction  of  the  antienzyme  in  the  circulating  blood. 
It  must  be  borne  in  mind  that  the  iodids  are  not  remarkably  effective 
in  the  earlier  stages  of  syphilis  when  necrosis  of  tissue  is  not  so 
evident. 

If  the  foregoing  interpretation  of  the  action  of  iodin  is  correct,  it 
gives  the  clinician  a  rational  idea  of  what  he  is  accomplishing  when  he 
gives  iodids  to  a  patient  in  the  tertiary  stage  of  syphilis.  According  to 
this  view,  iodin  neutralizes  the  action  of  the  agents  which  prevent 
solution  and  absorption  of  necrotic  tissue,  and  at  the  same  time  lays 
bare  to  the  action  of  the  real  germicidal  agent  the  infecting  organism 
which  previously  had  been  protected  by  the  necrotic  tissue.  With  the 
exposure  of  the  infecting  organism,  such  agents  as  mercury  and  sal- 
varsan  would  be  much  more  effective. 


34.  Loeb,  O. :    Therap.  Monatsch.,  1913,  p.   178. 
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Case  1. — B.  S.  Luetic.     Positive  Wasserraann ;  no  lesions. 
TABLE    1. — Inhibition    in    Case    1 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

0.05  C.C. 

0.025  C.c. 

0.01  c.c. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

4/  9/14 

0 

80 

79 

46 

19 

5 

5/  6/14 

34 

88 

79 

60 

0 

0 

5/14/14 

120 

75 

80 

19 

0 

0 

Treatment  was  commenced  with  10  drops  of  a  saturated  solution  three  times 
a  day,  and  the  patient  ordered  to  increase  1  drop  with  each  succeeding  dose. 

The  differences  are  very  slight,  if  any,  when  large  amounts  of  serum  are 
used,  but  with  greater  dilution  the  influence  of  the  iodids  is  obvious. 

Case  2. — S.  S.  Luetic.  Perforating  ulcer  of  palate.  Improved  under  treat- 
ment. 

TABLE    2. — Inhibition    in  Case    2 


KI 

Serum 

Date 

0.1  c.c. 
■  Per  Cent. 

0.075  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

4/  9/14 
5/  7/14 
5/14/14 

0 
102 
120 

85 
86 
81 

72,    ' 

86 

44 

48 
33 

5 

25 

25 

0 

5 
0 
0 

The  treatment  ordered  was  the  same  as  in  the  preceding  case.  The  patient 
continued  taking  for  two  weeks  the  same  dose  with  which  she  had  begun ;  it 
was  then  increased  gradually  and  the  day  the  second  test  was  made  she  was 
taking  102  drops. 

Case  3. — A.  M.     Luetic.     Tertiary  stage.     No  symptoms. 
TABLE   3. — Inhibition    in    Case   3 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.075  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

3/25/14 
4/20/14 
5/  6/14 

0 

88 

102 

90 
70 
60 

■ 

80 
56 
30 

63 

25 

0 

30 
17 

0 

17 
0 
0 

The  patient  began  with  the  usual  amount,  and  increased  it  1  drop  each  dose. 
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Case  4. — S.  Luetic.     Tertiary  stage.     Positive  Wassermann ;  no  symptoms. 
TABLE  4. — Inhibition   in   Case  4 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

0.05  c.c. 

0.025  c.c. 

0.01  c.c. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

3/25/14 

0 

92 

86 

38 

26 

26 

4/14/14 

80 

88 

80 

38 

20 

5 

4/21/14 

101 

88 

85 

75 

30 

20 

4/29/14 

120 

80 

56 

30 

5 

0 

5/13/14 

180 

92 

85 

50 

30 

0 

The  treatment  ordered  was  the  same  as  in  the  preceding  cases.  At  the  time 
the  last  specimen  of  blood  was  taken  the  patient  showed  symptoms  of  iodism 
with  well-marked  rash.  It  is  interesting  to  note  that  two  cases  showed  iodism, 
and  in  both  the  antitryptic  strength  of  the  serum  was  as  high  as,  if  not  higher, 
than  in  untreated  cases. 

Case  5. — N.  M.     Non-syphilitic. 

TABLE   5. — Inhibition   in   Case  5 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.075  c.c. 
Per  Cent. 

O.OS  C.C. 

Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  CO. 
Per  Cent. 

3/25/14 
5/20/14 
5/26/14 

0 

? 

45 

89 
83 

75 

89 
63 
80 

69 
38 
56 

17 

0 

25 

5 
0 
0 

The  patient  took  her  medicine  irregularly.  The  amount  taken  at  the  time 
the  second  test  was  made  is  not  known ;  but  the  results  indicate  that  she  was 
taking  more  than  when  the  third  test  was  made. 

Case  6. — J.  P.     Secondary  stage.     No  symptoms. 

TABLE  6. — Inhibition   in   Case   6 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

O.OS  c.c. 

0.025  c.c. 

0.01  c.c. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

3/25/14 

0 

90 

90 

90 

33 

25 

4/14/14 

40 

90 

92 

70 

30 

20 

4/21/14 

84 

88 

88 

Lost 

33 

30 

4/29/14 

100 

88 

80 

75 

19 

19 

5/13/14 

145 

92 

88 

48 

5 

0 

The  usual  treatment  was  given. 
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Case  7. — S.  F.     Luetic.     Positive   Wassermann.     Psoriasis-like  lesion. 
TABLE   7. — Inhibition   in   Case  7 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

0.05  c.c. 

0.025  c.c. 

0.01  c.c. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

4/14/14 

0 

90 

90 

80 

26 

19 

4/25/14 

96 

81 

80 

56 

19 

5 

5/  6/14 

114 

83 

69 

40 

19 

5 

5/11/14 

168 

81 

88 

52 

5 

0 

5/23/14 

200 

86 

70 

63 

0 

0 

The  treatment  ordered  was  the  same  as  in  the  preceding  cases. 

Case  8. — G.  H.    Luetic.    Tertiary  stage.     Skin  lesions  on  the  hands. 
TABLE  8. — Inhibition   in   Case  8 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

0.05  c.c. 

0.025  c.c. 

0.01  C.C. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

4/14/14 

0 

89 

88 

50 

25 

20 

5/  6/14 

70 

81 

80     ■ 

40 

5 

0 

5/25/14 

100 

88 

78 

80 

60 

0 

The  usual  treatment  was  given.  At  the  time  the  last  test  was  made  the 
patient  presented  evidences  of  iodism,  with  a  well-marked  rash.  Here  again 
the  antitryptic  strength  of  the  serum  is  increased. 


Case  9.^,  McD.     Luetic.     Secondary  stage. 

TABLE  9.— Inhibition   in   Case  9 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.075  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

3/30/14 
5/  6/14 

0 
100 

90 
85 

90 
85 

84 
52 

75 
25 

25 
0 

The  same  treatment  was  instituted. 
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Case  10. — J.  C.     Luetic.     Tertiary  stage.     Aphasia. 

TABLE    10. — Inhibition   in   Case   10 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.075  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

5/  1/14 
5/28/14 

0 
90 

94 
75 

71 
68 

44 
25 

26 
0 

0 
0 

The  patient  received  the  same  treatment. 

Case  11. — J.  D.     Non-syphilitic. 

TABLE   11. — iNHiBjnoN   in    Case   11 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.075  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

4/  6/14 
5/25/14 
5/29/14 

0 

? 

54 

89 
85 
87 

70 
80 
80 

56 

76 

Lost 

17 

Lost 

25 

5 
0 
0 

The  patient  did  not  return  to  the  clinic  until  about  six  weeks  after  his  first 
visit,  and  he  took  no  medicine  during  the  greater  part  of  this  time.  Treatment 
was  started  again  on  his  second  visit. 


Case  12. — T.  A.     Luetic.     Tertiary  stage ;  no  symptoms. 
TABLE   12. — Inhibition   in   Case   12 


KI 

Serum 

Date 

0.1  c.c. 
Per  Cent. 

0.07S  c.c. 
Per  Cent. 

0.05  c.c. 
Per  Cent. 

0.025  c.c. 
Per  Cent. 

0.01  c.c. 
Per  Cent. 

4/29/14 
5/13/14 
5/23/14 

0 

125 

81 
83 
85 

78 
81 

85 

38 

38 
77 

20 

Lost 

20 

0 
0 
0 

Treatment  commenced  April  29;  1914,  with  10  mm.  potassium  iodid  three 
times  a  day,  and  patient  increased  the  dose  at  irregular  intervals.  May  26,  1914, 
patient  was  taking  125  mm. 
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Case   13. — E.    W.     Luetic.     Secondary   stage.     Positive   Wassertnann ;    no 
symptoms. 

TABLE   13. — Inhibition   in   Case   13 


KI 

Serum 

Date 

0.1  c.c. 

0.075  c.c. 

0.05  c.c. 

0.025  c.c. 

0.01  c.c. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

4/  6/14 

0 

90 

88 

56 

28 

5 

4/27/14 

0 

87 

90 

69 

40 

s 

5/16/14 

126 

75 

52 

5 

0 

0 

The  patient  continued  taking  the  same  quantity  two  weeks,  and  then  discon- 
tinued it  altogether  until  May  27,  when  she  was  started  on  15  drops  three  times 
a  day. 
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CHONDRODYSTROPHIA  FCETALIS. 

NOTES  ON  THE  PATHOLOGICAL  CHANGES  IN  FOUR  CASES. 

By  W.  G.  MacCallum,  M.  D., 
Department  of  Pathology,  Columbia  University,  New  York. 

The  condition  is  one  so  well  known  and  described  in  detail  [1S2] 
in  so  many  recent  papers  that  there  is  little  excuse  for  any 
further  description  of  cases  which  does  not  bring  definite  new 
information  as  to  the  aetiology  or  the  mechanism  of  ossifica- 
tion. Nevertheless,  the  opportunity  to  study  the  organs  of 
internal  secretion  and  the  peculiarities  of  the  lines  of  ossifica- 
tion and  the  cartilage  may  justify  what  is  intended  as  a  pre- 
liminary to  a  further  study,  especially  of  the  cartilage. 

The  first  case  was  that  of  an  old  woman  from  whom  no  his- 
tory of  the  occurrence  of  any  similar  deformity  in  her  family 
could  be  elicited.  She  was  moderately  intelligent  and  could 
care  for  herself  and  perform  ordinary  housework,  but  was 
irascible  and  quarrelsome.  No  especial  clinical  history  could 
be  obtained,  but  the  autopsy  revealed  the  following : 

Anatomical  Diagnosis. — Achondroplasia — great  obesity.  Short- 
ening of  all  long  bones.    Atrophy  of  epiphysis  cerebri. 

History. — Catherine  D.,  aged  75  years.  The  body  is  that  of  a 
most  extraordinarily  deformed  woman  45  inches  (112.5  cm.)  in 
length  (Fig.  1).  The  head  is  enormous  with  nose  flattened  back 
so  that  the  nostrils  look  almost  straightforward.  Forehead  large. 
Cheeks  fat  and  puffy.  There  are  two  teeth  in  the  upper  jaw  and 
none  in  the  lower.  The  body  is  enormously  fat— must  weigh 
150  pounds  or  more.  Arms  are  absurdly  short  reaching  scarcely 
to  the  umbilicus.  The  legs  are  similarly  short  and  the  hands  and 
feet  short  and  thick. 

Measurements: 
Upper  arm  17%  cm. 
Forearm  15  cm. 
Hand  to  tip  of  finger  15  cm. 
Crest  of  ilium  to  external  malleolus  57%  cm. 
Head  (occipital  protuberance  to  glabella)   58  cm.  cir. 
Antero-posterior  measurements  31  cm. 


[182]  Transverse  measurement  from  ear  to  ear  31.5  cm. 

Length  of  face  31.1  cm. 
Nostrils  4  cm.  wide 
Circum.  of  thigh  60  cm. 
Sternum  15  cm.  in  length 


[183] 


Fig.  1. — Sketch  of  the  body  of  the  first  case  of  chondrodystro- 
phia.    A  woman  aged  75. 

[182]  On  incision  the  subcutaneous  fat  is  very  abundant,  5  cm.  over 
the  abdomen.  The  peritoneal  cavity  is  dry  and  the  surfaces 
smooth.  Omentum,  mesentery,  etc.,  enormously  loaded  with  fat. 
Appendix  is  long  and  cord-like — its  mesentery  swollen  with  fat. 
The  pelvic  organs  are  quite  free  of  adhesions. 
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The  chest  is  very  short.     The  costal  cartilages  are  apparently   [1S2] 
ossified  but  very  soft  and  easily  crushed  through.     No  distinct 
swelling  of  costochondral  junction.     Diaphragm  at  fourth  rib  on 
right,  fifth  space  on  left.     Pleural  cavities  are  free  of  fluid.     No 
adhesions.    Pericardial  cavity  contains  no  fluid.    No  adhesions. 

Heart. — Not  enlarged  and  very  soft.  Its  surface  is  smooth  and 
covered  with  fat.  Relatively  little  blood  escapes  on  incision.  The 
endocardium  is  everywhere  smooth.  The  mitral  valve  is  slightly 
thickened  and  shortened — not  obviously  insufiicient.  The  aortic 
valves  are  slightly  thickened  but  competent.  The  other  valves 
are  delicate.    The  heart  muscle  is  dark  red  and  very  soft. 

Lungs.- — Not  very  voluminous.  The  pleural  cavities  are  rela- 
tively small.  The  bronchi  are  calcified  in  their  large  branches 
and  in  their  main  trunks.  On  section  the  lung  substance  is  dark 
red,  somewhat  cedematous  in  places  but  otherwise  air  containing 
throughout. 

Thymus. — A  great  mass  of  fat  lies  in  the  anterior  mediastinum 
and  the  whole  was  kept  for  further  study  but  no  definite  thymus 
tissue  could  be  made  out. 

Thyroid.— The  gland  measures  4x3x1  cm.  on  the  right, 
slightly  less  on  the  left.  Its  tissue  is  of  normal  color,  soft,  with 
little  colloid  and  not  scarred.  Two  parathyroids  were  found  [183] 
toward  the  lower  pole  to  the  median  side  of  the  thyroid.  They 
measured  about  9x5  mm.,  were  very  thin  and  flat  and  brown. 
The  other  two  have  not  yet  been  found. 

Carotid  Glands. — "Were  preserved  and  seem  not  enlarged  nor 
especially  altered. 

Lymph  Glands. — Were  not  enlarged  in  the  neck  and  very  few 
were  found — one  or  two  were  deeply  pigmented.  Nothing  abnor- 
mal was  seen  in  the  tongue  or  pharynx. 

apleen. — Was  rather  large  and  soft.  JVIeasures  11x6x4  cm. 
All  the  elements  were  plainly  visible. 

Pancreas. — Embedded  in  fat.  Its  tissue  looked  rather  soft  and 
(Edematous.     The  pancreatic  duct  is  easily  traced  to  the  papilla. 

LJrer.— Weighed  2%  lbs.  (1350  gm.).  The  left  lobe  is  very 
small.  The  right  on  section  shows  a  soft  rather  shrunken  liver 
substance  with  much  fat  content.  The  acini  are  indistinct  in 
outline.  The  gall-bladder  contains  a  large  calculus  which  fills 
the  whole  bladder.     The  cystic  and  common  ducts  are  normal. 

Stomach  and  Duodenum. — Normal.  Small  intestine  and  colon 
not  opened.    Rectum  normal. 

Adrenals. — Are  irregular  in  outline.  Not  notably  altered  in 
size.  The  cortex  is  readily  torn  apart  so  as  to  leave  a  cavity  in 
place  of  the  medulla.  In  the  irregular  cortex  are  many  irregular 
nodules.  Left  measures  4.5  x  2.5  x  0.5  cm.  ChromaflBn  nodules  are 
preserved  along  the  gangliated  cord. 


[183]  Aorta. — Is  distinctly  inelastic  and  rather  uniformly  set  with 
small  patches  of  sclerosis  throughout  its  whole  length.  It  is  4  cm. 
in  circumference  in  the  mid-lumbar  region.  Other  arteries,  in- 
cluding carotids  even  into  the  cavernous  sinuses,  very  sclerotic 
and  dilated. 

Kidneys. — The  left  measures  11  x  5  x  5.5  cm.  Buried  in  fat. 
Capsule  strips  ott  easily  and  smoothly.  Surface  is  rather  swollen 
looking.  Lobulations  are  normal.  On  section  the  blood-vessels 
are  rather  thick.    Cortex  is  7  mm.  in  thickness,  striations  straight. 

Bladder. — Normal. 

Uterus,  Tubes  and  Ovaries. — The  ovaries  are  of  moderate  size 
and  very  little  scarred  for  their  age.  The  right  measures  about 
1.5  X  1  X  1  cm.  The  left  is  rather  larger,  2  x  1.5  x  1  cm.  On  section 
there  are  some  old  remains  of  corpora  lutea.  The  ovaries  are  not 
unduly  atrophied.  The  tubes  are  normal.  Uterus  is  of  normal 
size  and  appearance.  Measures  about  7  cm.  in  length.  There  is 
a  rather  curious  soft  elongated  mass,  apparently  of  muscular 
tissue,  without  lumen  in  the  situation  of  the  left  round  ligament. 
The  mucosa  of  the  uterus  is  gray  and  moist  and  contains  some 
small  cysts. 

Peivis. — Is  greatly  contracted.  The  internal  conjugate  diame- 
ter (promontory  to  symph.  pubes)  measures  only  6  cm.  The 
transverse  inner  diameter  is  10  cm.  The  birth  canal  will  admit 
only  three  fingers  in  the  anteroposterior  direction. 

The  femur  (preserved)  is  phenomenally  short  (22  cm.).  The 
extremities  are  slightly  enlarged. 

Nothing  abnormal  could  be  seen  in  the  vertebral  column 
although  the  antero-posterior  curves  were  rather  marked. 

Brain. — The  dura  is  very  adherent  to  the  calvarium  which  is 
thickened  somewhat.  The  base  of  the  skull  was  not  carefully  ex- 
amined but  seemed  very  slightly  if  at  all  divergent  from  the 
normal.  The  foramen  magnum  was  about  the  normal  size  and 
the  spinal  cord  was  not  encroached  upon.  The  sella  turcica  was 
very  slightly  enlarged,  chiefly  to  hold  the  dilated  and  sclerotic 
loops  of  the  carotid  arteries.  The  hypoi>hysis  is  in  gross  about 
normal  in  size,  form  and  consistency. 

The  surface  of  the  brain  is  marked  by  great  atrophy  of  the  con- 
volutions and  widening  of  the  sulci  which  were  filled  with  fluid. 
The  (Edematous  pia  was  pigmented  in  places  with  yellow  granular 
pigment. 

On  section  the  cerebral  ventricles  were  found  markedly  dilated 
with  clear  fluid.  The  third  ventricle  is  widened  and  a  commissure 
extends  across  it  as  a  free  cord.  The  epiphysis  or  pineal  gland  is 
reduced  to  a  minute  almost  transparent  fragment  of  tissue  upon 
its  recognizable  stalk.  It  does  not  seem  to  be  one-twentieth  as 
large  as  it  should  be.    Spinal  cord  not  removed. 
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Microscopically,  tlie  organs  showed  little  if  any  abnormality.  [183] 
Hypophysis,  parathyroids,  adrenals,  pancreas,  carotid  glands  and 
ovaries  seemed  perfectly  normal.  The  pineal  gland  as  stated  was 
very  small,  not  more  than  2  mm.  in  diameter,  but  so  far  as  it  is 
preserved  its  structure  is  normal.  It  seems  probable  that  the 
decrease  in  size  may  represent  a  senile  change.  The  thyroid 
shows  microscopically  only  such  changes  as  are  very  commonly 
seen  in  the  thyroid  of  old  people,  namely,  a  slight  scarring  or 
increase  in  the  density  of  the  fibrous  framework.  The  epithelial 
cells  are  desquamated  in  some  alveoli  and  colloid  is  not  abundant, 
but  on  the  whole  it  seems  functionally  competent.  The  femur  and 
a  rib  were  studied  microscopically  but  except  for  the  rarefaction 
of  the  cancellous  bone,  also  incident  to  age,  no  abnormality  could 
be  observed.  Naturally,  the  epiphyseal  line  was  no  longer  to  be 
made  out  and  the  articular  cartilage  appeared  normal. 

Nothing  could  be  learned  then  from  the  conditions  of  the  organs 
in  chondrodystrophy  at  such  an  advanced  age  to  throw  any  light 
on  the  nature  of  the  disease,  except  that  all  of  the  organs  of  inter- 
nal secretion  seem  normal  and  that  the  remaining  organs  are  also 
normal.  Evidently  nothing  is  left  after  the  cessation  of  growth 
in  the  bones  to  explain  the  perversion  of  that  growth. 

The  other  three  cases  were  in  infants,  two  of  which  were 
found  in  the  nniseum  of  the  College  of  Physicians  and  Sur- 
geons, while  the  third  was  a  premature  child  at  about  the  [184] 
seventh  month,  born  of  apparently  liealthy  parents.  The 
autopsy  on  this  case  was  performed  by  Dr.  A.  M.  Pappen- 
heimer  who  gave  me  the  material. 

The  two  infants  found  in  the  museum  had  been  preserved  in 
alcohol  for  many  y'ears  and  no  history  was  available.  The  in- 
ternal organs  were  softened  and  useless  for  microscopical  or 
even  gross  study,  so  that  nothing  can  be  said  of  their  organs 
of  internal  secretion.  The  base  of  the  skull  and  the  long 
bones  could  be  investigated,  however.  In  the  third  case,  born 
of  healthy  parents,  the  thyroid  was  quite  normal,  except  for 
a  slight  desquamation  of  the  epithelial  cells.  The  parathy- 
roids were  normal.  The  tliymus  was  of  normal  size,  its  medul- 
lary portions  ratlier  indistinctly  marked  out  against  the  cor- 
tex. The  adrenals,  pancreas,  spleen,  liver,  etc.,  showed  no 
abnormalities.  Unfortunately  the  hypophysis  and  pineal  gland 
were  lost  at  the  autopsy  and  could  not  be  studied. 

In  all  three  there  was  extreme  shortening  of  tlie  arms  and 
legs.     The   head  was   relatively  large   but  the  deformity  or 
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[184]  retraction  of  tlie  nose  so  commonly  met  with  was  not  particu- 
larly striking.  Vertical  sagittal  slices  were  cut  through  the 
base  of  the  skull  iu  each  infant  and  cleared  up  by  the  method 
of  Spalteholz.  These  showed  that  in  every  case  the  two  por- 
tions of  the  sphenoid  bone  and  the  l)asilar  portion  of  the  occipi- 
tal bone  were  widely  separated  by  cartilage,  so  that  in  these 
cases,  at  least,  the  premature  synostosis  described  by  Yirchow 
and  held  accountable  for  the  retraction  of  the  nose  has  not 
occurred.  Kaufmann  points  out  that  it  occurs  in  only  a  part 
of  the  cases.  Bones  were  excised  from  each  case  for  study. 
The  femur  was  in  every  instance  extremely  short,  the  incurved 
shaft  appearing  extremely  small  in  contrast  to  the  large 
masses  of  epiphyseal  cartilage,  which  overhang  it  almost  like 
a  cap  on  all  sides  (Fig.  2).  The  cartilaginous  trochanter  in 
each  instance  seemed  disproportioually  large,  so  that  the  head 
of  the  femur  appeared  as  a  small  projection  beneath  it. 

On  cutting  through  the  femur  longitudinally  the  shaft  was 
found  to  be  very  dense  and  hard  and  the  periosteum  thick. 
The  cartilage,  in  which  of  course  no  centers  of  ossification 
had  as  yet  appeared,  was  not  particularly  softened,  although 
microscopical  examination  revealed  a  change  in  the  structure 
somewhat  resembling  that  described  by  Kaufmann  and  by 
Marchand  and  Kirchberg  as  chondromalacia. 

This  was  true  of  the  first  and  third  cases  which  were  so 
much  alike  that  they  may  be  described  together,  while  the 
second  case  presented  a  different  appearance. 

In  the  first  and  third  of  the  infants  longitudinal  micro- 
scopical sections  through  the  femur  and  tibia  showed  the  fol- 
lowing :  The  periosteum  of  the  shaft  forms  a  thick  layer  under 
which  a  dense  bony  wall  is  deposited.  Within  this  cortex  the 
cancellous  bone  which  makes  up  the  shaft  is  extremely  compact 
and  dense  even  though  many  of  the  lamella  contain  some  cen- 
tral remnants  of  cartilage.  The  periosteum  is  prolonged  past 
the  end  of  the  ossified  material  and  turns  inward  as  a  spur 
into  the  substance  of  the  cartilage,  although  it  does  not  extend 
far.  This  evidently  represents  the  periosteal  lamina  described 
by  Urtel,  Kaufmann  and  many  others  as  forming  a  barrier 
against  the  endochondral  ossification.  Much  dispute  has  taken 
place  as  to  whether  this  were  merely  an  inclusion  of  the  peri- 
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osteum  or  an  active  ingrowth.  In  these  cases  it  extends  so  [1S4] 
short  a  distance  that  in  itself  it  could  hardly  interfere  much 
with  ossification — instead  it  appears  to  be  merely  the  end  of 
■the  periosteal  sheath  of  the  shaft  over  wliich  the  exuberant 
cartilage  has  poured  down  the  outside  like  overflowing  paraffin 
which  solidifies. 

Study  of  the  cartilage  shows  that  in  all  the  distal  parts, 
and  especially  perhaps  in  that  which  extends  backward  out- 
side the  periosteum,  there  is  a  peculiar  disappearance  of  the 
normal  liomogeneous  matrix,  so  that  the  cartilage  cells  are 
single  or  in  little  groups  which  hang  together  in  a  network. 
In  the  meshes  there  are  numerous  fibrils  and  many  branching 
cells  surrounded  by  fibrilla?.  Indeed,  in  places,  and  especially 
about  the  numerous  blood-vessels,  the  cartilage  is  transformed 
into  a  felt-like  connective  tissue,  throughout  which  groups  of 
cartilage  cells  are  scattered.  This  is  very  different  from  the 
distal  parts  of  the  normal  epiphyseal  cartilage  in  which  the 
elongated  spindle-shaped  cartilage  cells  lie  in  every  direction, 
but  closely  embedded  in  the  homogeneous  matrix.  It  will  be 
seen  from  the  drawing  that  this  overflowing  of  the  cartilage 
removes  much  of  it  from  a  position  in  which  its  cells  might 
eventually  be  presented  for  invasion  by  the  marrow  spaces 
and,  indeed,  leaves  the  end  of  the  shaft  of  the  bone  covered 
by  a  relatively  thin  layer  of  cartilage.  Probably  much  of  what 
seems  an  excessive  production  of  cartilage  is,  through  tliis 
softness  and  shifting  from  the  range  of  the  ossification  process, 
rendered  useless  for  the  furtlier  growth  of  the  bone. 

In  the  remainder,  as  the  time  of  ossification  is  approached, 
a  jjreparatory  zone  becomes  recognizable,  in  which  the  cartilage 
cells  are  flattened  and  arranged  in  columns  which  run  verti- 
cally to  tlie  line.  Although  in  the  normal  this  perfectly  regu- 
lar phalanx  is  maintained  in  spite  of  the  swelling  of  the  carti- 
lage cells,  it  is  rather  different  in  these  cases.  The  columns 
lose  much  of  their  regularity  and  the  invading  marrow  spaces 
with  their  blood-vessels  become  correspondingly  irregular,  so 
that  the  line  of  ossification,  while  in  general  fairly  even,  is 
vague  and  indefinite.  The  ossification  process  obviously  con- 
tinues but  varies  in  intensity  at  different  points.  In  some  sec- 
tions, and  especially  in  tliose  through  the  costochondral  June- 


[184]  tion,  tlie  line  of  ossification  is  exceedingly  irregular  (Figs. 
3  and  4). 

Xot  only  is  tlie  order  of  the  cells  destroyed  but  the  process 
•  itself  seems  somewhat  modified.  Quite  extensive  calcification 
of  the  cartilage  matrix  is  found  between  tlie  unaltered  carti- 
lage cells,  and  ragged  branching  masses  of  this  calcified  mate- 
rial, often  including  cartilage  cells,  are  found  to  extend  quite 
down  among  the  lamellae  of  the  cancellous  bone.  These  grad- 
ually become  ossified  by  the  application  of  osteoblasts,  but 
imprison  for  a  long  time  the  cartilage  cells  which  were  included 
in  their  central  parts. 

Thus,  if  somewhat  slow  and  irregular,  ossification  does  still 
go  on  and  produces  dense  cancellous  bone.  From  the  section, 
however,  it  is  impossible  to  say  how  much  cartilage  is  actually 
presented  for  ossification  in  this  way  and  it  seems  that  it  is 
[IS.'i]  on  that  that  the  extreme  retardation  in  the  longitudinal  growtli 
of  the  bone  depends. 

The  second  infant  was  very  badly  preserved  and  the  details 
can  hardly  be  made  out  in  sections  of  the  bones.  Xevertheless, 
it  can  be  seen  that  the  process  is  rather  different  from  that  in 
the  other  two.  The  cartilage  at  the  ends  of  the  excessively 
short  bones  is  abundant  but  does  not  pour  over  the  ends  of  the 
bone  sliaft  in  the  way  described  for  the  others.  Microscopic- 
ally, it  is  not  found  to  differ  markedly  from  the  normal,  being 
composed  of  a  complete  and  homogeneous  matrix  in  which 
the  cells  are  embedded  (Fig.  5)  ;  but  the  preparatory  zone 
presents  no  columns  of  cells.  Tlie  cells  are  all  flattened  it 
is  true,  but  they  form  no  columns  even  quite  down  to  the  ossi- 
fication line  nor  swell  up  as  they  do  in  the  normal :  conse- 
quently, the  line  of  demarcation  between  cartilage  and  bone 
is  perfectly  even  and  is  composed  on  the  one  side  of  flattened 
cartilage  cells  which  present  an  unbroken  front  to  the  marrow 
cavity.  At  the  very  margin  there  are  some  which  have  become 
calcified  with  the  matrix  into  a  layer  which  is  continuous  at 
places  witli  masses  or  lamina^  of  what  appears  to  be  calcified 
cartilage  from  a  previous  epocli  when  ossification  was  pro- 
ceeding more  actively.  Lower  still  these  fuse  with  dense  bony 
laminiE.  Here  the  endochondral  ossification  seems  to  liave 
been  at  a  standstill  at  the  time  of  the  child's  deatli  and  prob- 
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ably  this  accounts  well  for  the  extreme  shortness  of  the  bones.  [is.">] 
The  shaft  of  the  femur  was  less  than  1  cm.  long,  although  the 
child  was  at  full  term  or  thereabouts. 

These  alterations  in  the  process  of  ossification,  even  at  their 
severest,  seem  far  less  calculated  to  check  the  growth  in  length 
of  the  bone  than  such  destructive  changes  along  the  line  of 
ossification  as  are  seen  in  congenital  syphilis.  Even  in  infan- 
tile scurvy,  or  in  rickets,  the  disturbances  of  endochondral 
ossification  seem  more  severe  than  those  in  chondrodystrophy, 
and  yet  they  have  relatively  little  effect  in  shortening  the  bones ; 
while  the  chondrodystrophic,  if  he  survives,  is  a  dwarf.  The 
explanation  probably  lies  in  the  fact  that  although  the  line 
of  ossification  is  somewhat  irregular,  ossification  is  not  really 
in  abeyance.  It  proceeds  with  all  vigor  on  the  part  of  all  the 
other  osteoblasts  and  in  the  case  of  the  line  of  ossification; 
the  fault  lies  undoubtedly  with  the  cartilage  which  fails  to 
present  its  cells  in  orderly  fashion  and  rapidly  enough  to  pro- 
duce a  bone  of  normal  length  or  to  keep  pace  with  the  perios- 
teal growth.  Why  this  is  so  is  not  yet  clear  but  it  is  enough 
to  justify  Kaufmann's  term  Chondrodystrophia  foetalis. 
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THE  CHOLESTEROL  METABOLISM  OF  THE  HEN'S  EGG 
DURING  INCUBATION. 
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Columbia  University,  A'ew  York.) 
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The  large  amount  of  work  which  has  been  carried  out  deaHng 
with  the  various  aspects  of  the  physiology  and  pathology  of 
cholesterol,  leaves  many  points  to  be  cleared  up  before  an  accurate 
understanding  of  this  complex  question  is  possible.  It  has  long 
been  known  that  cholesterol  occurs  in  the  blood  and  tissues  in 
two  principal  conditions;  namely,  free,  and  combined  with  the 
higher  fatty  acids  as  cholesterol  oleate,  palmitate,  and  stearate.^ 
Little  or  nothing  is  known  concerning  the  importance  of  the 
relative  proportions  of  these  two  forms.  Until  the  elaboration 
bj"-  Windaus^  in  1910  of  a  quantitative  method  which  made  pos- 
sible the  determination  of  the  two  fractions  separately,  it  was 
impossible  to  obtain  any  accurate  information  on  the  point. 
Since  that  time  many  interesting  investigations  have  been  car- 
ried out,  principalh'  upon  the  cholesterol  of  blood  in  diverse 
physiological  and  pathological  conditions,  by  Gardner  and  co- 
workers,' Henes,*  Havers,^  and  others. 

There  is  as  yet,  however,  no  clear  conception  of  the  origin 
of  the  esters  of  cholesterol  in  the  body,  nor  of  their  possible 
reconversion  into  free  cholesterol.  As  a  result  of  the  work  of 
Gardner  and  others,  it  is  now  ptetty  defi.nitelj'  established  that 

'  K.  Hiirthle:  Ztschr.  f.  physiol.  Chem.,  xxi,  pp.  331-359,  1S95. 

=  A.  Windaus:  ibid.,  Ixv,  pp.  110-117,  1910. 

'  C.  Doree  and  J.  A.  Gardner:  Proc.  Roy.  Soc.,  Series  B,  Ixxx,  pp.  212- 
239,  1908;  Ixxxi,  pp.  109-12S,  1909.  .M.  T.  Eraser  and  J.  A.  Gardner:  ibid., 
Ixxxi,  pp.  230-247,  1909;  Ixxxii,  pp.  559-568,  1909-10.  J.  A.  Gardner  and  P. 
E.  Lander:  ibid.,  lx.x.xvii,  pp.  229-236,  191.3-14. 

'  E.  Henes:  Deutsch.  Arch.  f.  klin.  Med.,  cxi,  pp.  122-145,  1913. 

'  K.  Havers:  ibid.,  cxv,  pp.  267-289,  1914. 
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all  the  cholesterol  of  the  body  is  taken  in  with  the  food,  and  that 
there  is  no  sj-nthesis  of  cholesterol  in  the  body.  Under  normal 
dietary  conditions  the  cholesterol  of  the  food  must  be  quite  largely 
in  the  uncomliincd  condition.  It  may  be  said  that  there  are  two 
sources  of  origin  for  it;  naniclj',  vegetable  food  and  animal  food. 
Since  there  is  no  synthesis  by  animals,  the  original  substance 
must  be  one  of  the  so  called  "phytosterols,"*  substances  which 
are  probablj^  of  the  same  or  nearly  the  same  chemical  formula 
as  cholesterol  itself,  and  which  appear  to  be  readily  changed 
over  by  animals  into  true  cholesterol.  As  far  as  I  am  aware, 
these  phj'tosterols  occur  in  plants  only  in  the  free  or  uncom- 
bined  form.  Hence  the  esters  occurring  in  the  animal  body 
must  be  products  of  its  own  metabolism. 

It  seemed  possible  that  a  study  of  the  cholesterol  content 
of  the  egg  during  the  period  of  incubation  might  throw  some 
light  on  the  relation  of  cholesterol  and  cholesterol  esters  in  tlie 
life  processes  of  animals,  and  that  here,  from  the  nature  of  the 
case,  conditions  would  be  ideal  for  studying  this  relation.  The 
total  cholesterol  of  eggs  in  varying  stages  of  incubation  has  been 
investigated  by  Mendel  and  Leavenworth"  and  by  Ellis  and 
Gardner*  in  order  to  determine  whether  there  might  be  an  in- 
crease attributable  to  a  synthesis.  Their  results  were  negative 
in  that  respect,  their  figures  showing,  however,  a  small  but  con- 
stant decrease  when  averages  of  a  number  of  determinations  have 
been  made.  This  they  attribute  to  experimental  error,  but  it 
may  be  said  in  passing  that  there  is  some  evidence'  in  support 
of  the  belief  that  bile  acids  are  formed  from  cholesterol.  Should 
this  prove  to  be  the  case  a  slight  decrease  might  be  satisfactorily 
accounted  for. 

As  regards  the  cholesterol  ester  content  of  chick  embrj^os, 
Hanes'"  observed  microscopically   the  presence  of  doubly   re- 

*  A.  Windaus  and  A.  Hauth:  Ber.  d.  deutsch.  cheni.  Gesellsch.,  xxxix, 
pp.  437S-43S4,  1906.  A.  Windaus  and  A.  Welsch:  ibid.,  xlii,  pp.  612-616, 
1909. 

'  L.  B.  Mendel  and  C.  S.  Leavenworth:  Am.  Jour.  Physiol.,  xxi,  pp. 
77-84,  1908. 

'  G.  W.  Ellis  and  J.  A.  Gardner:  Proc.  Roy.  Soc,  Series  B,  Ixxxi,  pp.  129- 
132,  1909. 

'J.  Lifschlitz:  Ztschr.  f.  physiol.  Chew.,  xci,  pp.  309-328,  1914. 

'»F.  M.  Hanes:  Jour.  Exper.  Med.,  xvi,  pp.  512-526,  1912. 
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fractile  fat  droplets  in  the  liver  from  the  fifteenth  day  up  to  hatch- 
ing, and  also  their  persistence  for  about  two  weeks  or  more  in 
the  chick  after  hatching:  but  he  notes  their  absence  in  the  liver 
of  the  adult  chicken.  These  doubly  refractile  droplets,  becom- 
ing isotropic  at  about  40°  to  return  again  to  the  anisotropic 
condition  upon  cooling,  are  recognized  as  consisting  for  the  most 
part  of  cholesterol  esters.  As  far  as  I  know  this  is  the  only 
record  of  such  an  observation,  and  since  Hanes  made  no  chemical 
analyses,  it  seemed  desirable  to  do  so.  Hanes  related  the  appear- 
ance of  the  esters  to  the  process  of  calcification,  and  this  question 
will  be  taken  up  more  in  detail  after  a  consideration  of  the  analyt- 
ical results  obtained. 

Method  of  arialysis. 

The  eggs  used  were  all  from  the  same  breed  of  chicken.  Beginning  with 
the  third  day,  an  egg  was  broken  every  second  day,  the  embryo  cut  into 
small  pieces  with  scissors  and  placed  together  with  the  yolk  sac  and  other 
contents,  in  alcohol.  After  twenty-four  hours  the  alcohol  was  changed 
and  later  was  replaced  by  ether.  Following  one  change  of  ether,  the  solid 
material  was  dried  and  ground  in  a  mortar.  The  combined  alcoholic  and 
ether  extracts  were  evaporated  to  dryness  and  taken  up  in  ether,  the 
ether-insoluble  part  being  rubbed  up  with  dry  sodium  sulphate  and  added 
to  the  other  solid  material.  This  was  now  extracted  for  forty-eight  hours 
in  a  Soxhlet  apparatus,  the  extract  transferred  to  a  volumetric  flask  and 
made  up  to  100  cc.  with  ether.  10  cc.  of  this  were  used  for  the  determina- 
tion by  the  Windaus  method"  with  a  modification  very  similar  to  that  of 
Fraser  and  Gardner.'-  The  ether  was  evaporated  off,  about  30  cc.  of 
alcohol  were  added,  heated  to  boiling  on  the  water  bath  and  a  1  per  cent 
solution  of  digitonin  in  90  per  cent  alcohol  was  added.  The  alcohol  was 
then  evaporated  off  in  a  current  of  cold  air  from  an  electric  fan,  and  the 
drying  finished  either  by  gentle  warming,  or  by  placing  in  a  vacuum  des- 
iccator over  sulphuric  acid  for  a  few  hours  if  necessary.  It  was  then 
taken  up  in  ether,  filtered  through  a  tared  filter  paper,  using  as  the  tare 
a  similar  filter  paper,  which  during  the  analyses  was  put  through  the 
same  washing  as  the  one  containing  the  precipitate.  This  consists  in 
washing  thoroughly  with  ether,  drj'ing,  and  washing  with  boiling  water. 
The  two  papers  are  finally  dried  at  105°  to  110°  for  an  hour  and  weighed. 
The  ether  washings  are  evaporated,  the  residue  saponified  with  2  gni. 
KOH  in  alcoholic  solution  for  two  hours  on  a  water  bath,  then  diluted  with 
water  and  extracted  with  ether,  using  five  25  cc.  portions.     The  com- 

"  Windaus:  loc  cit. 

"  Fraser  and  Gardner:  loc.  cit. 
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billed  ether  extracts  are  shaken  out  with  two  small  portions  of  distilled 
water  to  remove  small  quantities  of  alkali  which  always  contaminate 
the  extract.  The  ether  is  then  evaporated  and  the  determination  of  choles- 
terol made  as  before.  This  final  determination  gives  the  cholesterol 
present  originally  as  the  ester. 

The  following  protocol  shows  the.  results  obtained. 


D.4Y    OF 

IXCCBATION- 

FREE 
CHOLESTEROL 

COMBINED 
CHOLESTEROL 

FREE 

CHOLESTEROL 

IX  TOTAL 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

*2 

*9 

gm. 

0.2159 
0.2470 
0.2643 
0.2985 
0.2249 
0.1993 
0.20.35 
0.2115 
0.17S9 
0.1575 
0.1539 
0.1289 

gm. 
0.0242 
0.02.52 
0.0396 
0.0354 
0.0243 
0.03S9 
0.0S27 
0.0732 
0.0831 
0.1109 
0.1026 
0.0469 

percent 
89.92 
90.74 
86.97 
89.40 
90.25 
83.66 
71.10 
74.29 
68.28 
58.68 
60.00 
73.32 

•  .\ge  ot  chick. 


It  is  a  recognized  wealcness  of  the  Windaus  method  that  in 
the  presence  of  any  considerable  cjuantity  of  other  hpoid  material, 
values  for  the  combined  or  ester  fraction  are  too  high.  Since  this 
condition  obtains  in  these  analyses,  it  may  prol^ably  be  safelj' 
assumed  that  the  10  to  12  per  cent  of  ester  found  during  the 
first  two  weeks  is  more  than  is  really  present,  and  that  most  of 
the  cholesterol  present  is  free. 

While  only  one  analysis  was  made  in  each  case,  the  general 
trend  of  the  process  is  very  evident,  consisting  in  little  or  no 
change  up  to  about  the  end  of  the  second  week,  and  from  then 
until  the  twentj'-first  day  a  rather  sudden  increase  in  the  amount 
of  combined  cholesterol,  causing  a  lowering  of  the  proportion  of 
the  free  to  a  minimum  of  about  60  per  cent  of  the  total.  Follow- 
ing hatching  of  the  chick  there  appears  to  be  a  slow  decrease  in 
the  proportion  of  esters,  but  more  analyses  are  necessary  for 
definite  conclusions  as  to  this. 

In  general  the  results  obtained  bear  out  to  a  surprising  degree 
the  conclusions  drawn  by  Hanes  from  microscopical  observations. 
It  should  be  noted,  however,  that  bv  no  means  all  of  the  esters 
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present  are  contained  in  the  liver,  nor  is  the  cholesterol  of  the 
liver  all  in  the  combined  form.  The  livers  of  five  twenty  day 
embryos  were  analyzed  together,  yielding  0.0179  gram  of  free 
cholesterol  and  0.0516  gram  of  combined  cholesterol,  while  in 
the  combined  bodies  of  the  five  embryos,  with  the  yolk  sac,  still 
partially  unabsorbed,  there  must  have  been  about  0.3  gram 
of  combined  cholesterol. 

As  to  the  significance  of  this  rather  sudden  production  of 
cholesterol  esters  during  the  final  week  of  incubation,  it  was  the 
idea  of  Hanes  that  they  were  connected  with  the  process  of  cal- 
cification in  the  following  waj-.  Plimmer  and  Scott'^  showed 
by  analyses  of  the  phosphorus  compounds  of  the  incubated  egg, 
that,  corresponding  to  the  period  of  calcification,  viz.,  from  the 
fourteenth  day  on,  there  was  a  sudden  drop  in  the  amount  of 
lecithin  or  "phosphorized  fats"  which  had  previously  remained 
pretty  constant.  Since  the  decrease  in  the  \'itelhn  phosphorus 
was  gradual  and  fairly  constant  during  the  whole  three  weeks 
of  incubation,  it  seemed  plain  that  the  phosphorus  necessary 
for  calcification  came  from  a  brealdng  down  of  the  lecithin. 
Hanes  believes  that  in  this  breaking  down,  which  he  suggests 
may  take  place  in  the  liver,  some  of  the  liberated  fatty  acids, 
which  might  otherwise  exert  a  toxic  action,  are  combined  with 
the  cholesterol  to  form  non-toxic  substances,  the  cholesterol  esters. 

This  theory  fits  the  known  facts  well.  It  is  at  once  evident, 
however,  that  approximately  0.10  gram  of  cholesterol  is  inade- 
quate to  combine  with  the  fatty  acids  liberated  in  the  breaking 
down  of  0.7  to  0.9  gram  of  lecithin.  Still  it  may  be  readily  be- 
lieved that  the  greater  part  of  the  acid  could  be  oxidized  or  re- 
combined  as  a  neutral  fat  with  glycerol,  only  a  small  part  being 
left  unprovided  for,  to  be  taken  care  of  bj^  the  cholesterol. 

As  to  the  ultunate  fate  of  these  accumulations  of  esters,  little 
can  be  said  with  assurance.  It  is  certain  that  there  is  a  decrease 
in  the  proportion  of  estere,  beginning  soon  after  hatching.  Roh- 
mann,'-*  Schultz,!^  Cj-tronberg,'^  and  Gardner  and  Lander"  have 

"  R.  H.  A.  Plimmer  and  F.  H.  Scott:  Jour.  Physiol.,  .x.xxviii,  pp.  247- 
253,  1909. 

"  F.  Rohmann:  Berl.  klin.  Wchnschr.,  xlii,  pp.  1993-1994,   1912. 
"J.  H.  Schultz:  Biochem.  Ztschr.,  xlii,  pp.  255-261,  1912. 
"S.  Cytronberg:  ibid.,  .xlv,  pp.  281-283,  1912. 
'"  Gardner  and  Lander:  Biochem.  Jour.,  vii,  pp.  576-595,   1913. 
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reported  the  splitting  of  cholesterol  esters  ou  autolysis  of  liver, 
or  mixtures  of  liver  and  blood  from  various  animals,  presumably 
by  the  action  of  some  specific  enzjmie.  RothschikU^  believes 
that  he  has  microscopical  evidence  for  the  splitting  of  these  esters 
in  the  Kupffer  cells  of  the  liver.  We  have  been  unable  to  ob- 
tain results  suggesting  enzyme 'action  in  the  liver  either  of  chicks 
just  hatching,  or  of  adult  chickens,  but  propose  to  investigate 
this  point  further. 

There  seems,  then,  to  be  evidence  that  cholesterol  is,  at  least 
in  part,  a  protective  substance,  having  for  its  function  the  power 
to  combine  with  and  "detoxify"  the  fatty  acids,  substances  which 
when  introduced  into  the  circulation  exert  a  marked  toxic  action 
through  hemolysis. 

It  is  worthy  of  note  in  this  connection  that  cholesterol  can  also 
unite  with  the  various  saponins,  substances  which  are  also  hemo- 
lytic. Upon  this  union  the  Windaus  method  depends  for  esti- 
mation of  cholesterol,  the  compound  with  digitonin  (a  saponin) 
being  of  definite  composition,  and  very  difficultly  soluble  in  alco- 
hol, from  which  it  crystallizes. 

CONCLUSIONS. 

1.  The  cholesterol  of  the  newly  laid  hen's  egg  is  practically 
all  in  the  free  condition. 

2.  During  the  period  of  incubation  this  condition  obtains 
until  about  the  thirteenth  day,  from  which  time  there  is  a  gradual 
csterification  until,  at  the  time  of  hatching,  over  40  per  cent 
of  the  cholesterol  present  is  in  the  foi'm  of  esters. 

3.  The  esterifying  cholesterol  may  function  as  a  detoxifying 
substance,  with  which  the  toxic  fatty  acids,  set  free  from  lecithin 
during  the  latter  stage  of  embr.yonic  development,  combine  to 
form  harmless  esters. 


'SM.  A.  Rothschild:  Proc.  N.  Y.  Path.  Soc,  xiv,  pp.  159-171,  1914. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Socikiy. 
N.S.,  Vol.  XV.  No.  3.  March,  1915.] 


A  CASE  OF  MULTIPLE  MYELOMA 


W.    G.    MACCALLUM,    M.D. 

Clinical  History. — B.  C,  a  woman  aged  53.  was  admitted  to  the  Pres- 
byterian Hospital  December  5.  1915,  complaining  of  stiffness  of  neck  and 
shoulders.  This  appeared  gradtially  during  the  past  three  months  but  was 
not  associated  with  any  pain.  On  admission  neck  was  held  very  stiffly, 
apparently  entirely  on  account  of  spinal  rigidity,  as  the  muscles  were  not 
tense.  There  was  a  deep  groove  in  the  ribs  running  parallel  with  the  sternum 
just  outside  the  costo-sternal  junction.  The  ribs  were  easily  moved  or  bent 
and  on  very  slight  pressure  gave  the  impression  of  being  crushed.  Thoracic 
and  abdominal  organs  showed  nothing  abnormal.  The  spine  was  held  rigid 
tliroughout.  Both  femora  and  tiliiae  showed  outward  and  forward  bowing. 
Xo  tenderness  anywhere. 

Blood  count,  c.vainination. — ■ 

Leucocytes     _. 9,000 

Polymorphonuclears     54  per  cent. 

Lymphocytes     41  per  cent. 

Haemoglobin    80  per  cent. 

On  December  18  she  developed  signs  of  pneumonia  and  died  five  days 
later.  The  urine  showed  a  moderate  amount  of  albumen  with  h\-aline  casts 
but  no  Bence  Jones  protein. 

X-ray  photographs  showed  atrophy  of  the  cervical  vertebrae  with  destruc- 
tion and  collapse  of  the  third,  fourth  and  fifth.  Areas  of  rarefication  were 
thus  demonstrated  in  many  of  the  other  bones  including  especially  the  ribs 
and  long  bones. 

At  the  autopsy  there  was  found  a  widespread  confluent  lob- 
ular pneumonia.  The  alterations  of  especial  interest  concerned 
the  bones. 

The  ribs  were  rarefied  and  softened  to  such  a  degree  that  in 
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most  places  they  could  be  crushed  easily  between  the  fingers. 
The\-  were  especially  thinned  and  greatly  depressed  on  each  side 
of  the  sternum  and  in  these  broad  grooves  nearly  ever)-  one 
showed  several  fractures,  often  marked  out  by  the  growths  of 
callus  tissue. 

The  eleventh  dorsal  \'ertebra  had  collapsed  to  a  certain  degree, 
so  that  there  was  a  slight  angular  deformity  at  that  point.  Three 
of  the  cervical  vertebral  centra  had  collapsed  in  the  same  way, 
bending  the  neck  forward  into  a  position  in  which  it  had  become 
somewhat  rigid. 

One  humerus  was  cut  open  and  its  cortex  proved  to  be  not 
more  than  i  mm.  in  thickness,  while  the  large  narrow  cavity  was 
devoid  of  an_\-  cancellijus  lamellre  and  filled  with  a  mottled  grayish 
red  opaque  marrow. 

If  we  may  judge  from  the  X-ray  photographs  the  same  rare- 
fication  liad  occurred  in  the  other  humerus  and  in  the  bones  of 
both  forearms,  as  well  as  the  femora  tibire  and  fibulse.  No  frac- 
tures had  occurred  in  those  bones  and  there  was  no  sign  of  a 
tumor  growth  at  any  place.  ]\Iany  diagnoses  were  ventured  to 
explain  the  rarefication  of  the  bones  and  the  many  fractures  but 
even  at  the  autopsy  the  mere  cellular  character  of  the  marrow 
exposed  in  the  humerus  did  not  suggest  a  tumor  formation.  The 
cut  surfaces  of  the  \ertebrre  were  perfectlv  homogeneous  and 
except  for  a  slight  opacity,  not  different  from  normal  bones. 

MICROSCOPIC    FINDINGS 

Smears  from  the  marrow  stained  by  Giemsa  and  Hastings' 
methods  showed  a  remarkable  uniformity  of  cells.  Nearly  all 
were  rounded  or  oval  cells  of  moderate  size  with  rather  deeply 
stained  nucleus  and  practically  no  granules  in  the  blue  stained 
cytoplasms.  There  was  found  a  pale  halo  around  the  inicleus. 
Occasional  suggestions  of  basophilic  granulations  in  sma'l  num- 
bers were  found. 

Sections  reveal  a  marrow  com]iosed  in  places  of  the  nomial 
cells  in  their  usual  arrangement,  but  nearly  everywhere  there  were 
found  compact  masses  of  cells  of  one  type  pushing  aside  the  nor- 
mal  marrow  and  e.xtending  everywhere   into  contact  with  the 
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bone.  Alaii}-  fragments  of  cancellous  laniells  were  found  iso- 
lated in  such  masses.  This  tissue  which  was  composed  of  cells 
corresponding  with  those  found  to  be  predominant  in  smears  did 
not  as  a  rule  inpinge  directly  upon  the  bone  but  seemed  always 
separated  from  it  by  a  thin  line  of  cells  flattened  almost  like 
endothelial  cells,  which  may  have  been  osteoblasts.  Nevertheless 
the  effect  in  causing  the  destruction  and  wasting  of  the  bone  was 
extraordinary. 

The  cells  which  make  up  this  tumor  tissue  were  not  like  the 
myeloblasts  described  as  forming  the  tissue  in  a  case  with  numer- 
ous m3'elomatous  tumors  published  in  the  Journal  of  Expcriuiental 
Medicine  some  years  ago  (Vol.  6)  but  resembled  more  closely 
plasma  cells,  ^^'hether  they  correspond  exactly  with  plasma  cells 
it  is  difficult  to  say,  but  after  observing  recently  two  cases  in  the 
laboratories  of  Dr.  Xorris  and  Dr.  \\'arren.  in  which  the  whole 
character  of  the  growth  was  very  similar  to  this  except  in  that 
definite  tumors  were  found,  it  seems  that  two  distinct  types  of 
myeloma  must  be  recognized.  Of  these  one  is  composed  of  mye- 
loblasts, the  other  of  cells  practically  identical  with  plasma  cells. 
The  explanation  of  the  absence  of  albumoses  in  the  urine  is  not 
clear  but  there  have  been  recorded  several  other  cases  in  which  the 
urine  was  free  from  these  bodies. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Society. 
N.S..  Vol.  XV.  No.  3.  March.  1915.] 


AORTIC   ANEURYSM   PERFORATING  SUPERIOR 
VENA  CAVA 

W.    G.    MACCALLUM,    M.D. 

Clinical  History. — H.  G.,  woman,  age  33.  was  admitted  to  hospital  fifteen 
times  between  January.  1913,  and  her  last  admission,  in  the  summer  of  1914. 

She  had  led  a  dissipated  life  with  much  abuse  of  alcohol  and  tobacco  and 
very  possibly  had  had  syphilis.  She  entered  the  hospital  complaining  of 
shortness  of  breath  and  swelling  of  heart,  face  and  neck.  Ten  days  before 
admission  in  January,  1913,  patient  felt  that  her  face  was  swollen ;  the  same 
night  she  woke  up  with  a  choking  sensation  accompanied  by  pain.  The  neck 
was  much  swollen  and  the  face  bloated. 

The  physical  examination  showed  oedema  of  the  upper  part  of  the  chest 
and  great  dilatation   of  the  capillaries  in  that  region.     A  tracheal  tug  was 
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felt.  There  were  diastolic  and  systolic  murmurs  over  the  heart  and  a  definite 
Corrigan  pulse.  The  veins  in  the  epigastric  and  hypochondriac  regions  were 
dilated  and  tortuous.     Eye  grounds  normal. 

During  the  ne.xt  month  the  cyanosis  and  subcutaneous  cedema  in  the 
upper  part  of  the  chest  increased.  There  was  a  good  deal  of  cough  with 
rusty  sputum. 

In  February  of  1914  these  conditions  had  become  accentuated,  marked 
dyspnoea  and  continuous  murmur  heard  over  the  back  as  low  as  the  fifth 
dorsal  vertebra.     There  was  a  large  accumulation  of  fluid  in  the  right  chest. 

In  May  the  superficial  veins  over  the  upper  part  of  the  chest  were  very 
prominent.     Wassermann  reaction  positive. 

June  16,  1914.  admitted  for  the  last  time  with  still  more  exaggerated 
symptoms  of  the  same  character. 

Death  occurred  on  August  26. 

At  the  aiitopsx  the  left  lung  was  found  to  be  a  good  deal  com- 
pressed and  to  lie  against  the  vertebral  column.  The  heart  was 
removed,  together  with  the  large  vessels  and  the  lungs  and  upon 
dissection  it  shows  the  following: 

The  heart  itself  is  large,  its  walls  somewhat  thickened;  the 
pulmonary  artery  is  pushed  forward  by  a  saccular  enlargement  of 
the  aorta  beneath.  This  sac  measures  5  to  6  cm.  in  diameter  in 
each  direction,  so  that  the  pulmonary  artery  is  not  really  much 
compressed.  The  superior  vena  cava  is  delicate  until  it  reaches 
the  region  of  the  auricle,  where  it  becomes  thickened  and  some- 
what rigid  and  is  adherent  to  the  aortic  dilatation.  The  thoracic 
portion  of  the  aorta  shows  no  dilatation  or  intimal  change  up  to 
the  end  of  the  ascending  arch.  The  large  vessels  of  the  arch  pass 
off  normally.     They,  like  the  aorta,  are  delicate  and  elastic. 

On  opening  the  heart  and  cutting  through  the  aortic  ring  and 
the  dilated  aorta  it  is  found  that  the  left  auricle  is  normal;  the 
left  ventricle  dilated;  mitral  valves  normal;  its  trabecule  and 
papillary  muscles  flattened.  Jnst  beneath  the  aortic  valves  there 
are  linear  rough  elevations  which  look  like  a  beginning  reaction 
to  aortic  insufficiency.  The  aortic  valves  themseh"es  are  fairly 
competent  by  the  water  test ;  their  edges,  however,  are  thickened 
and  roll  into  a  cord,  so  that  insufficiency  must  have  been  possible, 
with  dilatation,  and  probably  existed  all  the  time.  Aortic  orifice 
measures  7  cm.  in  circumference.  The  tricuspid  and  pulmonary 
valves   are  normal.     Right   ventricle   is   rather   large;   its   walls 
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measure  7  mm.  in  thickness;  left  ventricular  wall  measures  19 
mm.  in  thickness.  Coronary  orifices  are  normal.  Just  above  the 
coronory  orifice  there  is  a  sudden  dilatation  of  the  aorta  which 
ends  as  suddenly  with  the  precipitous  edge  at  the  upper  end  of  the 
ascending  part  of  the  arch.  It  is  nowhere  roughened  or  covered 
b\-  thromlji,  hut  the  inner  surface  is  very  irregular  and  there  are 
numerous  small  sacculations  as  if  new  small  aneurysms  started 
out  from  the  wall  of  the  old  one.  One  of  these,  about  12  mm.  in 
diameter,  arises  from  the  lower  posterior  part  of  the  main  aneu- 
rysmal sac  and  extends  over  toward  the  superior  vena  cava  and 
presses  against  it;  indeed,  it  practically  pierces  a  way  through  the 
middle  of  the  vein  and  divides  it  into  two  channels,  fusing  with 
the  further  wall  of  the  vein,  so  that  it  looks  like  a  bridge  across 
the  cavity  of  the  vena  cava,  when  it  is  exposed  by  opening  that 
vessel.  The  blood  was  forced  to  pass  on  each  side  of  this  bridge 
and  the  two  channels  must  have  been  still  further  narrowed  by  the 
thickening  of  the  vein  wall  at  this  level.  They  now  measure 
about  10-15  mm.  in  diameter.  Under  such  circumstances  there 
was  no  connection  between  the  aortic  lumen  and  that  of  the  vein, 
since  the  aneurysmal  saccule  merely  pushes  its  way  through  the 
middle  of  the  vein  to. the  opposite  side;  nevertheless  it  undoubt- 
edly caused  a  good  deal  of  obstruction  to  the  return  of  blood  from 
the  head. 

But  the  aneur}'smal  sac  is  found  ta  have  burst  laterally  as  it 
passed  across  the  vein,  and  a  probe  from  the  main  aneurysm  into 
the  saccule  emerges  into  the  vein  through  a  hole  which  proves  to 
be  in  the  wall  of  the  bridge  turned  uppermost.  This  aperture  is 
surrounded  by  a  thrombus  on  the  venous  side  and  it  was  obviously 
through  this  that  the  blood  rushed. 

One  receives  the  impression  that  this  actual  perforation  may 
have  taken  place  rather  recently  but  the  symptoms  which  it  could 
haA'e  produced,  such  as  murmurs  and  cyanosis,  were  already  pres- 
ent to  such  a  degree  on  account  of  obstruction  of  the  vein  and 
the  valvular  murmurs  that  it  is  surprising  that  the  diagnosis  could 
have  been  readied  so  accuratelv  as  it  was. 
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FIGURES 


Fig.  132.  Diplectanum  teuthis. 

Fig.  133.  Diplectanum  lactophrys. 

Fig.  134.  Comparative  view  of  cirri  of  several  species  of 
Diplectana : — 

a.  Diplectamon  balistes. 

b.  Diplectanum  teuthis. 

c.  Diplectanum  longiphallus. 

d.  Diplectarmm  aequxins — after  Norman  MacLaren. 

e.  Diplectanum  lactophrys. 

Fig.  135.  Diplectanum  balistes. 

Fig.  136.  Diplectanum.  longiphallus. 

Fig.  137.  Atalostrophion  sardae. 

Fig.  138.  The  entire  intestinal  tract  of  young  A.  sardae. 


ABBREVIATIONS 

See  Plates 


b.  ej. — bulbus  ejaculatorius 

c. — cirrus 

d. — disc 

d.  e.— ductus  ejaculatorius 

ex.  d. — excretory  duct 

ex.  p. — excretory  pore 

es. — esophagus 

g.  a. — genital  atrium 

g.  p. — genital  pore 

i. — intestine 

m. — mouth 

m.  b. — muscular  bands 

oot. — ootype 

0.  s. — oral  sucker 

ov. — -ovary 

ovd. — oviduct 

ph. — pharynx 

p.  p. — pars,  prostatica 

pr. — prostate 

p.  s. — penis  shell 

s.  g. — shell  gland 

s.  p. — sensory  papillae 

s.  r. — seminal  reservoir 

t. — testis 

u.  g. — unicellular  glands 

ut. — uterus 

va. — vagina 

v.  d. — vas  deferens 

V.  s. — vesicula  seminalis 

vit. — vitellaria 

V.  r. — vitelline  reservoir 


SOME  NEW  SPECIES 
OF 

ECTOPARASITIC  TREMATODES 

By  G.  a.  MacCallum,  M.D. 

Department  of  Pathology, 

columbia  university,  new  york. 

Introduction. 

The  Director  of  the  New  York  Aquarium  has  been  good 
enough  during  the  past  two  or  three  years  to  place  at  my  dis- 
posal numerous  exotic  and  other  fishes  which  have  died  there. 
I  greatly  appreciate  the  privilege,  for  it  gives  me  the  opportu- 
nity to  secure  biological  specimens  which  I  could  not  obtain 
otherwise.* 

Among  these  there  have  been  found  many  forms  of  parasites 
of  new  species  and  even  genera,  which  it  has  been  thought  should 
be  published,  and,  with  that  object  in  view,  in  the  following 
paper  five  new  species  and  one  new  genus  are  submitted.  The 
form  from  Sarda  sarda,  Atalostrophion  is  a  particularly  interest- 
ing trematode. 

When  one  considers  that  these  worms  are  always  parasitic 
and  that  in  many  instances  the  death  of  their  host  depends  upon 
the  numbers  which  cause  the  infestation,  it  becomes  interesting 
to  know  how  they  are  propagated.  This  fact  also  makes  the 
study  of  their  anatomy  more  interesting  since  almost  all  of  them 
are  hermaphroditic.  They  are  supplied  with  two  complete  sets 
of  generative  organs  and  when  these  are  thoroughly  described 
there  is  but  little  left  to  say  about  the  worm's  anatomy,  since 
they  form  the  main  portion  of  its  body.    Although  their  habits 

*Dr.  MacCallum  has  kindly  autopsied  and  reported  upon  the  cause  of  death 
of  large  numbers  of  fishes  from  the  Aquarium  during  the  past  few  years,  only 
a  few  of  which  are  mentioned  in  this  paper.  The  importance  of  such  studies  in 
fisheries  work  is  very  great,  and  an  aquarium  offers  special  advantages  for  this 
work  on  account  of  the  greater  opportunity  for  infection  and  the  protection 
afforded  diseased  fishes,  which,  in  natural  conditions,  would  be  quickly  destroyed 
by  their  enemies.  This  paper  is  properly  a  contribution  from  the  Biological 
Laboratory  of  the  New  York  Aquarium.— C.   H.   T.,  Director  of  the  Aquarium. 
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are  interesting,  where  they  may  be  studied,  it  is  not  often  that 
an  opportunity  is  afforded  to  see  them  alive  and  pursuing  their 
usual  mode  of  life.  This,  however,  is  quite  possible  in  some 
cases,  for  instance,  where  Microcotyle  infest  the  gills  of  certain 
fish.  By  exposing  the  gills  they  may  be  seen  literally  covered 
with  the  worms  hanging  on  the  gill  filaments  while  they  suck 
the  blood  from  under  the  delicate  mucous  membrane.  On  the 
gills,  too,  may  be  seen  the  eggs  deposited  in  hundreds  and  held 
in  position  by  the  tangled  filaments  which  are  attached  to  either 
end  of  the  egg.  As  soon  as  they  are  hatched  they  are  prepared 
to  fasten  themselves  on  the  gills  and  to  take  up  the  reproduction 
of  their  kind  and  to  continue  the  work  of  their  ancestors.  The 
great  irritation  caused  by  all  this  action  induces  an  outflow  of 
thick  mucus,  covering  the  gills  and  preventing  the  access  of  the 
water  to  their  surfaces,  so  that  the  fish  even  may  be  suffocated. 
In  addition  to  this  they  cause  great  depletion  of  blood  which 
soon  renders  the  fish  exsanguine  and  causes  its  death. 

Another  strange  habit  with  most  of  these  parasitic  worms 
is,  that  they  have  a  particular  locality  or  habitat  where  they  con- 
fine themselves  in  or  on  the  body.  Thus  the  Microcotylidae,  Di- 
plectana  and  Octocotylidae  are  found  no  where  else  than  on  the 
gills,  and  the  former  worm  is  at  least  the  cause  of  death  of  nine- 
ty per  cent  of  the  angel  and  butterfly  fishes  in  the  tanks  of  the 
Aquarium.  They  are  probably  not  so  plentiful,  and  consequently 
not  so  fatal  to  these  fish  in  their  natural  habitat,  the  open  sea. 

DIPLECTANUM 
Sub-Family  Gyrodactylidae 
Genus   TETRAONCHUS 
Sub-genus  Diplectanum 

Among  the  ectoparasitic  trematodes  there  are  few  which 
while  being  as  small,  are  yet  more  interesting  than  these  forms. 

They  have  been  classed  in  the  order  Heterocotylea  and  in- 
cluded by  Van  Beneden  and  Hesse  in  the  family  of  Gyrodactyli- 
dae. As  far  as  known  now,  they  are  confined  to  the  gills  of  ma- 
rine fishes  and  we  have  no  record  of  them  until  1857,  when  Wag- 
ener  was  fortunate  enough  to  discover  three  members  of  the 
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family.  These  he  named  Diplectanum  aequans,  found  on  the  gills 
of  Labrax  lupus;  Diplectanum  pedatum  on  the  gills  of  an  un- 
known fish  of  the  Julis  family,  and  Diplectanum  echeneis  on  the 
gills  of  Sargus  rondeletii.  However,  other  than  naming  them 
he  gave  little  or  no  description  of  the  worms  by  which  they  might 
be  recognized. 

In  1862  Van  Beneden  and  Hesse  did  the  genus  more  justice, 
but  it  was  not  until  1904  that  it  was  much  more  completely  de- 
scribed by  MacLaren,  who  has  endeavored  thus  to  make  D. 
aequans  the  type  species. 

In  1862  Van  Beneden  and  Hesse  described  the  worm  dis- 
covered by  them  as  D.  sciaena  from  the  gills  of  Sciaena  aquilla, 
one  of  the  drumfish. 

Parona  and  Perugia  discovered  and  described  a  form  which 
they  called  D.  aculeatum.  We  have  then  thus  far  five  members 
of  this  sub-genus  described  as  follows: 

Diplectanum  aequans,  Wagener,  18-57,  Diesing,  1858, 
MacLaren,  1903 ;  Diplectanum  pedatum  Wagener  1857 ;  Di- 
plectanum  echeneis,  Wagener,  1857 ;  Diplectanum  sciaena, 
Beneden  and  Hesse,  1863  and  1864 ;  Diplectanum  aculeatum, 
Parona  and  Perugia,  1890. 

In  1904,  when  Norman  MacLaren  wrote  very  fully  upon  D. 
aequans,  he  also  summed  upon  what  had  been  written  of  the  other 
forms  to  that  date. 

Diplectanum  teuthis,  nov.  sp.* 

(Fig.  132) 

On  May  22,  1914,  I  found  Diplectanum  teuthis  on  the  gills 
of  a  Teuthis  hepatus,  a  small  worm  of  this  species  which  differs 
in  many  particulars  from  any  of  those  hitherto  described,  con- 
sequently I  have  ventured  to  name  it  D.  teuthis  and  to  call  it  a 
new  species.  It  is  only  .75  mm.  in  length  by  .10  mm.  in  width. 
However,  its  anatomy  is  fairly  distinct  so  that  a  reliable  descrip- 
tion may  be  given  of  it. 

*A11  of  the  forms  described  in  this  paper  were  found  in  material  from  the 
New  York  Aquarium. 
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The  body  of  the  worm  is  elongated,  slender  and  ends  pos- 
teriorly in  a  trumpet-shaped  disc,  which  is  armed  with  four 
strong  yellow  chitinous  hooks  of  a  peculiar  shape.  There  are 
also  in  this  locality  a  number  of  stiff  hair-like  processes  which 
extend  some  distance  anteriorly  from  the  disc  along  the  poste- 
rior end  of  the  body.  I  wish  to  draw  attention  to  the  shape  of 
these  hooks,  which  are  shown  in  Fig.  134.  The  hooks  in  the  disc 
have  as  their  foundation  of  attachment,  two  blocks  of  chitinous 
material.  These  are  placed,  one  anteriorly  and  the  other  pos- 
teriorly in  the  wall  of  the  hollow  disc.  They  act  with  a  certain 
amount  of  motion  as  if  jointed,  and  thus  allow  free  action  of 
the  hooks,  which  are  under  the  control  of  the  worm. 

The  head  is  narrow  and  unarmed  with  a  notch  at  the 
anterior  end  which  marks  the  situation  of  the  mouth,  and 
on  each  side  of  this  there  are  three  tactile  papillae  which  stain 
more  highly  than  the  surrounding  structure.  These  areas  seem 
also  to  furnish  some  secretion,  since  small  ducts  may  be  seen 
proceeding  backward  from  them  as  far  as  the  pharynx.  Their 
function  is,  as  in  all  of  these  worms,  to  afford  mucus  or  saliva 
to  the  pharynx  and  esophagus  and  to  enable  them  to  feel  their 
way  about.  Anterior  to  the  pharynx  are  four  ocular  spots.  The 
pharynx  Is  large  relatively  and  is  succeeded  by  a  very  short  pos- 
terior pharyngeal  esophagus,  since  it  divides  almost  at  once 
into  the  intestinal  ceca.  On  each  side  of  the  pharynx  and  be- 
ginning of  the  intestinal  ceca  are  a  number  of  unicellular  glands. 
A  short  distance  posterior  to  this  angle  but  also  in  the  center  of 
the  body  is  the  genital  pore  surmounted  by  a  very  prominent 
organ,  the  chitinous  cirrus,  which  in  this  species  is  of  the  shape 
of  a  sickle  vdth  the  handle. 

The  male  genital  apparatus  consists  of  a  single  testis,  oval 
in  shape  and  relatively  large.  It  is  situated  posterior  to  the 
ovary  and  the  vas  deferens  passes  dorsally  over  the  ovary  on  its 
way  to  the  large  ductus  ejaculatorius ;  this  duct  gives  off  a  tube 
which  proceeds  somewhat  backward  to  enter  the  bulbus  ejacula- 
torius, being  surrounded  just  before  entering  that  organ  by  the 
prostatic  gland.  The  bulbus  ejaculatorius  is  a  more  or  less 
round  organ  or  muscular  bag  through  which  the  vas  deferens 
passes  to  the  base  of  the  cirrus.  The  cirrus  is  peculiar.  Its 
shape  being  that  of  a  sickle,  including  the  handle,  which  latter 
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FIG.  134.     CIRRI  OF  SEVERAL  SPECIES  OF  DIPLECTANA 

seems  to  form  part  of  the  ejaculatory  apparatus.  The  organ 
itself  is  a  hollow  tube,  much  bent  and  composed  of  yellow  chitin- 
ous  material  (Fig.  134b). 

The  female  genital  apparatus  consists  of  a  reniform  ovary 
situated  about  the  middle  of  the  body.  The  oviduct  is  short  and 
the  genital  junction  is  a  short  distance  anterior  to  the  ovary. 
On  the  right  side  of  the  worm  may  be  seen  the  opening  of  a 
vagina  which  joins  the  seminal  reservoir  near  the  genital  junc- 
tion. 

The  vitellaria  are  plentiful  and  extend  on  each  side  of  the 
body  near  the  pharynx  to  a  short  distance  anterior  to  the  disc; 
small  vitelline  ducts  are  sent  almost  horizontally  to  the  genital 
.1  unction  from  each  side. 

The  uterus  extends  from  the  ootype  near  the  genital  junc- 
tion to  an  atrium  near  the  base  of  and  to  one  side  of  the  cirrus. 

Measurements  of  Diplectanum  teuthis: 

Length  75  mm. 

Width .10  mm. 

Length  of  cirrus 04  mm. 

Diameter  of  disc  08  mm. 

Diplectanum  lactophrys,  nov.  sp. 
(Fig.  133) 

On  February  19,  1915,  there  were  found  on  the  gills  of  a 
cow  fish,   (Lactophrys  tricomis),  a  colony  of  small  Diplectana 
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which  owing  to  a  few  characteristics  not  possessed  by  other 
members  of  this  family,  must  necessarily  make  it  constitute  a 
new  species.  It  is  small,  being  only  1  mm.  in  length  by  .10  mm. 
in  width ;  it  has,  however,  the  usual  general  conformation  of  the 
genus. 

Its  body  is  elongated  and  narrow  and  of  almost  an  equal 
width  throughout,  except  at  the  posterior  end  where  the  hook 
disc  is  somewhat  wider.  The  disc  is,  however,  quite  different 
from  any  of  the  forms  hitherto  described ;  it  is  more  footlike  in 
shape, — in  fact,  in  some  specimens  it  is  quite  the  shape  of  a  foot, 
but  ordinarily  it  extends  equally  on  each  side  of  the  end  of  the 
body.  This  shape  is  caused  largely  by  there  being  on  each  side 
a  prolongation  of  skin,  which  is  armed  with  two  small  hooks. 
Then  on  each  side  of  the  notch  in  the  centre  of  the  distal  margin 
there  is  fixed  another  small  hook.  In  the  centre  of  the  disc  to- 
wards its  margin  are  two  small  blocks  of  yellow  chitinous  tissue, 
which  give  attachment  to  the  bases  of  the  main  hooks  of  the 
disc,  of  which  there  are,  as  usual,  four — two  attached  to  the 
block  placed  in  the  anterior  wall  of  the  disc  and  two  attached  to 
the  posterior  block. 

These  blocks  are  of  a  peculiar  shape  and  differ  in  each  spe- 
cies (Fig.  133).  The  blocks  are  each  separated  into  parts  which 
like  joints  allow  of  the  motion  of  the  hooks  at  the  will  of  the 
worm.  As  will  be  seen  also  if  observed  closely,  the  hooks  are 
not  of  the  same  shape  as  those  of  other  members  of  the  genus. 
In  the  posterior  region  may  be  seen  the  muscular  bands  which 
extend  from  the  disc  up  into  the  body  and  which  control  the 
movements  of  the  disc  with  its  hooks.  Some  bands,  if  not  the 
chief  ones,  are  seen  to  pass  from  one  side  of  the  disc  to  the  oppo- 
site side  of  the  body.  This  is  probably  for  the  more  varied  ad- 
justment of  the  hook  disc. 

The  head  in  its  general  conformation  and  the  organs  of  the 
body  generally  are  much  the  same  as  in  the  description  given 
of  the  type  except  in  the  cases  of  the  cirrus  which  is  quite  dif- 
ferent and  will  constitute  one  decided  point  in  the  diagnosis  of 
the  species. 

The  male  genitalia  are  the  single  large  roundish  testicle, 
which  lies  posterior  to  the  ovary  in  the  center  of  the  body.  It 
giveis  off  from  its  anterior  part  the  vas  deferens  which  runs 
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along  the  left  side  of  the  abdomen  to  empty  into  a  rather  large 
irregularly  shaped  vesicular  seminalis  situated  opposite  the  base 
of  the  cirrus.  This  reservoir  furnishes  a  small  tube  which  en- 
ters the  bulbus  ejaculatorius  and  passes  to  the  pointed  base  of 
the  cirrus  which  points  to  and  sometimes  overlies  the  genital 
pore.  The  cirrus  here  is  long  and  straight  except  near  the  tip 
where  it  becomes  curved  and  pointed.  At  its  base  it  is  provided 
with  an  oval  bulbus  ejaculatorius  quite  elongated  while  in  nearly 
all  of  the  other  species  this  is  round  or  nearly  so.  The  base, 
too,  of  the  cirrus  is  pointed  where  the  tube  or  vas  deferens  joins 
it ;  it  then  shortly  widens  until  it  suddenly  narrows  to  the  portion 
outside  of  the  bulbus  ejaculatorius.  The  cirrus  proper,  however, 
is  of  firm  chitinous  tissue  which  cannot  alter  in  shape  even  dur- 
ing conjugation,  so  that  as  it  is  quite  prominent  it  shows  a  good 
index  of  the  species  (Fig  134e) .  The  cirrus  is  enclosed  in  a  sort  of 
shell  or  outer  cover  and  in  this  instance  the  penis  seems  to  be 
armed  near  the  tip  with  fine  spicules,  and  there  appear  a  few  of 
these  spicules  also  near  the  base.  It  is  barely  possible  that  this 
condition  may  be  owing  to  faulty  refraction,  still  as  almost  all  of 
the  specimens  show  the  same  it  probably  is  true. 

The  female  genitalia,  as  usual,  consist  of  an  ovary,  oval  in 
shape,  becoming  pointed  anteriorly  and  from  which  part  arises 
the  oviduct — this  is  not  long  before  it  receives  the  duct  from  the 
seminal  reservoir  and  the  vitelline  ducts ;  the  ootype  follows  and 
merges  into  the  uterus,  being  surrounded  here  by  the  shell  gland. 
The  uterus  terminates  with  a  somewhat  flaring  mouth  at  the 
genital  atrium.  The  vagina  opens  at  the  left  side  of  the  body 
when  it  is  looked  at  from  the  ventral  side  of  the  body.  The 
viteUaria  are  plentiful,  extending  on  both  sides  of  the  body  from 
near  the  pharynx  to  near  the  posterior  end  and  across  the  body 
posterior  to  the  testis. 

These  worms  are  all  ectoparasitic,  living  on  the  gills  of  ma- 
rine fishes.  They  are  not  as  a  rule  found  in  great  numbers, 
although  there  may  be  many  more  than  appears  since  they  can- 
not be  seen  in  situ  on  the  gills,  and  they  do  not  wash  off  readily 
on  account  of  the  firm  hold  of  the  hooks.  The  fish  as  a  rule 
which  are  infested  with  them  become  thin  and  flabby,  and  finally 
die,  probably  owing  largely  to  the  ravages  of  the  worm  when 
in  great  numbers. 
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Measurements  of  Diplectanum  lactophrys,  n.  sp. 

Length  of  body  1  mm. 

Width  of  body .10  mm. 

Diameter  of  disc  .'. 15  mm. 

Length  of  cirrus  .  10  mm. 

Diplectanum  balistes,  nov.  sp. 
(Fig.  135) 

On  January  13,  1913,  on  the  gills  of  a  trigger  fish,  (Balistes 
carolinensis)  were  found  a  few  examples  of  a  small  worm  which 
on  close  study  proved  to  be  a  Diplectanum  and  a  new  species,  in- 
asmuch as  it  differs  from  any  others  of  the  genus  examined.  It 
is  but  .55  mm.  in  length  by  .09  mm.  in  width.  The  body  is  elon- 
gated and,  unlike  many  of  the  other  members  of  the  family,  it 
becomes  decidedly  and  abruptly  smaller  near  the  discal  end  and 
the  disc  itself  is  very  different  from  that  of  the  others.  Instead 
of  being  trumpet-shaped  it  is  merely  a  straight  tube  armed  with 
four  hooks  and  about  six  smaller  ones.  The  large  ones  measure 
.02  mm.  and  the  smaller  ones  .003  mm.  The  hooks  also  are  dif- 
ferent in  shape  from  those  of  the  other  forms  described  (Fig. 
135). 

The  male  genitalia  consist  of  one  testis  situated  near  the 
middle  of  the  body  and  just  posterior  to  the  ovary.  The  vas 
deferens  runs  dorsal  to  the  ovary  in  a  convoluted  form  to  join 
a  fusiform  vesicula  seminalis  which  lies  to  the  left  of  and  slightly 
posterior  to  the  genital  pore.  At  its  anterior  end  it  narrows 
into  a  small  tube  which  enters  the  bulbus  ejaculatorius  and 
passes  through  to  enter  the  cirrus,  which  in  this  instance  is  an 
almost  perfectly  straight  tube  (Fig.  134a)  and  in  the  specimen 
under  observation  lies  pointing  anteriorly  directly  across  the 
genital  pore.    It  is  almost  .04  mm.  in  length. 

The  female  genitalia  consist  of  the  ovary  lying,  when  viewed 
ventrally,  partly  on  the  testis.  It  is  oval  and  narrows  anteriorly 
into  the  oviduct,  which  is  almost  immediately  joined  by  the  duct 
from  the  seminal  reservoir  which  receives  the  vagina  from  the 
right  side.  The  genital  junction  is  just  anterior  to  the  ovary 
and  the  uterus,  which  is  short,  terminates  at  the  edge  of  the 
genital  pore. 
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The  head  is  formed  much  Hke  that  of  others  of  the  family, 
a  slight  notch  at  the  extreme  tip  and  on  each  side  a  row  of 
papillae  extending  back  almost  to  the  pharynx,  which  is  large. 
The  post-pharyngeal  esophagus  is  short  and  the  angle  on  each 
side  of  the  pharynx  and  esophagus  is  filled  with  unicellular 
mucous  glands.  Anterior  to  the  pharynx  are  the  usual  four 
ocular  spots.  The  vitellaria  are  plentiful  and  extend  almost 
from  opposite  the  genital  pore  to  the  point  posteriorly  where 
the  body  suddenly  narrows  to  form  the  disc.  The  hooks  on  the 
disc  have  their  bases  attached  to  the  usual  two  chitinous  blocks 
of  yellow  material.  These  are  not  of  the  same  shape  as  in  D. 
teuthis  or  D.  longiphallus. 

For  the  purpose  of  description,  the  characteristics  of  the 
worm  are,  that  it  is  small,  has  a  straight  tubular  disc  end,  four 
large  hooks  and  several  small  ones  clustered  in  the  end  of  the 
disc,  and  the  cirrus  straight  and  pointed. 

On  account  of  these  peculiarities  the  worm  must  be  con- 
sidered a  new  species  and  the  name  D.  balistes  is  proposed. 

Measurements  of  Diplectanum  balistes. 

Length   .55  mm. 

Width  09  mm. 

Diameter  of  disc  035  mm. 

Width  of  head  02  mm. 

Length  of  cirrus .04  mm. 

Diplectanum  longiphallus,  nov.  sp. 
(Fig.  136) 

On  January  23,  1915,  there  were  found  on  the  gills  of  a 
spade  fish,  Chaetodipterus  faber,  a  colony  of  Diplectana,  which 
apparently  are  different  from  those  described  heretofore. 

In  general  appearance  they  are  like  those  found  on  the 
surgeon  fish,  (Teuthis  hepatus)  and  in  Balistes  Carolinensis,  or 
trigger  fish,  but  in  detail  the  anatomy  is  somewhat  different.  Like 
them  it  is  small;  being  only  about  1  mm.  long  by  .15  mm.  wide. 
The  clinging  disc  seems  in  general  form  the  same  in  almost  all,  a 
firm  terminal  mass  with  four  relatively  large,  strong  hooks  at- 
tached to  odd  shaped  chitinous  blocks,  which  serve  to  support  the 
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hooks  and  increase  the  firmness  of  their  grasp  on  the  tissues  to 
which  they  cling.  The  head  is  similar,  with  the  usual  tactile  or 
sensory  papillae  on  each  side,  in  this  instance  only  two  but  some- 
what larger  than  in  the  other  forms.  An  esophagus  can  be  made 
out  between  the  pharynx  and  the  mouth  end  and  in  front  of  the 
pharynx  are  the  usual  four  ocular  spots.  The  pharynx  is  large 
and  the  post-pharyngeal  esophagus  is  longer  before  the  division 
into  ceca  than  the  pre-pharyngeal  portion.  The  genital  pore  is 
in  the  angle  between  the  ceca  in  the  centre  of  the  body  and 
this  is  surmounted  by  an  oddly  shaped  chitinous  cirrus,  quite 
different  from  those  of  the  forms  above  mentioned  (Fig.  134c). 
In  this  instance  it  is  very  long  and  much  bent  or  curved. 

The  male  genitalia  are  very  similar  to  that  usual  in  the 
species  but  with  some  peculiarities.  For  instance  the  testis 
is  single,  very  large  and  enclosed  in  a  membranous  sac,  is 
divided  into  large  lobes,  and  is  more  or  less  pointed  anteriorly. 
It  is  situated  posteriorly  to  the  ovary  and  from  the  anterior 
end  gives  off  the  vas  deferens,  which  passes  forward  to  empty 
into  a  large  seminal  vesicle,  placed  alongside  of  the  genital  aper- 
ture on  the  left  side;  from  this  the  vas  passes  into  the  bulbus 
ejaculatorius  before  terminating  in  the  cirrus. 

The  female  genitalia  consist  as  usual  of  the  ovary,  which 
is  large,  oval  and  pointed  anteriorly  where  it  gives  off  the  ovi- 
duct. The  vagina  is  not  very  definite  in  most  of  the  specimens 
befoi'e  me  but  in  most  of  them  the  situation  of  the  seminal  reser- 
voir is  seen  and  a  tube  leading  to  the  oviduct  is  evident.  The 
shell  gland  in  this  species  is  peculiar  since  it  is  composed  of 
ten  or  fifteen  large,  round,  cellular  masses  that  communicate 
with  the  ootype  by  means  of  long  tubes,  and  give  the  glands  the 
appearance  of  being  set  up  on  stalks.  The  vitellaria  are  very 
plentiful  and  the  vitelline  ducts  meet  and  join  the  oviduct  ante- 
rior to  the  entrance  of  the  duct  from  the  seminal  reservoir. 

The  uterus  is  not  long  and  terminates  with  a  somewhat 
flaring  mouth  near  the  genital  pore  near  the  bulbous  end  of  the 
cirrus.  Several  eggs  are  seen  in  the  eight  or  nine  mounted  speci- 
mens before  me ;  one  in  each.  These  are  yellow,  oval  and  with  a 
filament  at  the  posterior  pole, — length  .02  mm.      (Fig.  136.) 

For  the  purpose  of  classification  this  form  shows  the  follow- 
ing special  characteristics:     Shell  gland   unusually   prominent 
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and  composed  of  ten  or  fifteen  large  round  glands  with  very 
long  ducts.  Cirrus  quite  long,  a  good  deal  curved  and  with  an 
oval  bulbus  ejaculatorius  which  appears  quite  muscular.  Testis 
lobulated.  These  differences  from  the  other  species  described 
force  me  to  regard  this  as  a  new  species  for  which  the  name  of 
Diplectanum  longiphallus  is  proposed. 

Measurements  of  Diplectanum  longiphallus. 

Length  95  mm. 

Width  15  mm. 

Length  of  cirrus  .25  mm. 

Length  of  disc  .  08  mm. 

Width  of  head  05  mm. 

Egg    02  mm. 

AtalostropMon  sardae,  nov.  gen.  &  nov.  sp. 

(Figs.  137  and  138) 

During  the  summer  of  1912,  I  first  found  on  the  gills  of 
the  bonito,  {Sarda  sarda)  by  washing,  a  number  of  fragments 
of  a  small,  flat,  ribbonlike  worm.  It  was  always  found  to  be 
broken  at  the  end,  but  when  stained  and  mounted  it  was  seen 
to  contain  internal  organs  of  a  tubular  form;  that  is,  there 
were  two,  sometimes  three  tubes  containing  eggs,  which  were 
portions  of  the  uterus.  Between  these  uterine  tubes  was  a 
brownish  tube  containing  brownish  yellow  granules — the  vitel- 
larium — and  besides  these  could  also  be  seen  the  tubular  testis 
and  a  vas  deferens  containing  spermatozoa.  No  matter  how 
many  pieces  were  examined  from  the  gills,  they  were  always 
imperfect ;  both  ends  being  torn  across.  This  was  the  case  dur- 
ing 1912  and  1913,  although  very  few  bonitos  came  to  autopsy 
in  the  laboratory.  However,  it  was  determined  in  1914,  that 
£n  attempt  should  be  made  to  find  out  the  origin  of  the  pieces 
and  to  secure  a  whole  worm  if  possible.  As  a  result  of  this 
determination  sixteen  bonitos  were  examined  in  all  and  seven 
of  them  found  to  be  infested  with  the  worm.  It  was  then  dis- 
covered that  the  worm  had  its  habitat  not  in  the  gills  of  the  fish, 
but  was  found  in  great  numbers  under  the  mucous  membrane 
of  the  branchial  cavity  on  each  side  of  the  isthmus,  and  also  was 
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found  embedded  in  great  numbers  in  the  thyroid  glands  and 
throughout  the  substance  of  the  isthmus  itself. 

When  the  muscular  layers  were  carefully  parted,  the  worm 
was  seen  flattened  in  tangled  layers.  Some  of  these  were  seen 
dangling  from  the  surface  in  loops,  the  examinations  being  made 
under  water,  as  this  was  the  simplest  way  to  secure  a  view  of 
the  parasites  in  situ.  I  have  no  doubt  now  that  the  loops  are 
broken  off  by  the  action  of  the  gills  and  water  and  become  en- 
tangled in  the  meshes  of  the  gills,  doubtless  for  the  purpose 
of  distribution  in  one  way,  since  every  fragment  is  loaded  with 
eggs.  It  is  certain,  however,  that  the  local  habitat  of  the  worm 
is  in  the  cellular  tissue  under  the  skin  and  mucous  membranes 
of  the  branchial  cavity  and  neighboring  tissues  of  the  throat, 
including  the  space  between  the  muscular  fasciculi  of  the  mus- 
cular tissues  of  the  isthmus. 

It  may  be  said,  that  a  great  deal  of  time  has  been  spent 
with  most  careful  and  assiduous  research  in  the  endeavor  to 
find  a  whole  worm.  Out  of  the  hundreds  traced  and  teased  out 
only  two  whole  worms  have  been  secured  and  both  of  these  were 
immature.  Three  or  four  ends,  however,  have  been  secured, — 
heads  and  tails  of  adults  which  are  shown  in  Figs.  137  and  138. 
It  has  been  concluded  that  it  is  next  to  impossible  to  tease  out  an 
adult  worm  from  the  fact  that  they  all  seem  to  be  imperfect.  One 
may  lift  carefully  the  mucous  membrane  or  a  layer  of  muscular 
tissue  from  a  tangled  mass  which  certainly  has  never  been  dis- 
turbed or  injured  before,  and  examine  the  specimens  as  care- 
fully as  possible  in  situ,  and  it  is  almost  impossible  to  see  a 
perfect  end ;  let  alone  a  whole  worm.  In  consequence  one  must 
conclude  that  it  is  natural  for  the  worm  to  disseminate  its  eggs 
by  throwing  oflf  the  parted  sections,  as  well  as  by  the  natural 
exit  from  the  uterus.  The  one  young  specimen  secured  is  50 
mm. — nearly  two  inches  long — and  the  other  more  developed 
one  is  about  70  mm.  in  length.  Even  though  dissecting  with 
the  greatest  care  and  using  a  stereoscopic  lens,  on  no  occasion 
have  I  been  able  to  secure  a  piece  of  the  body  of  greater  length 
than  75  mm.  This  is  not  to  be  wondered  at  when  it  is  known 
that  the  worm  is  only  about  .60  of  a  mm.  Avide;  not  more  than 
as  thick  as  tissue  paper.  Its  structure,  too,  seems  to  be  very 
delicate;  breaking  at  the  slightest  touch,  almost.  The  skin  is 
smooth  and  unarmed.     It  is  difficult  to  state  the  length  of  an 
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adult  worm.  I  have  pieces  three  inches  long  and  from  my  ex- 
perience in  trying  to  get  a  whole  worm  by  putting  the  pieces  to- 
gether, I  would  say  that  I  believe  five  or  six  inches  the  maximum 
length.  In  the  figures  the  worm  is  shown  cut  across,  because 
a  whole  adult  worm  has  not  yet  been  dissected  out  to  make  a 
certainty  about  length. 

The  worm  sometimes  seems  to  have  all  the  organs,  and  the 
uterus  full  of  eggs,  etc. ;  the  form  of  body  will  then  abruptly 
change  to  a  much  narrower  and  thinner  shape  and  to  a  milky 
white  color,  with  only  a  water  vascular  canal  in  the  middle,  run- 
ning through  the  middle  the  entire  remaining  length,  perhaps 
for  an  inch  or  so,  and  coming  to  a  fine  point  or  be  broken  off 
when  not  larger  in  diameter  than  a  hair. 

In  one  of  the  young  worms  the  esophagus  and  intestinal 
ceca  are  plainly  shown  and  are  depicted  in  Fig.  138.  As  may 
be  seen  in  the  figure,  the  esophagus  extends  from  the  mouth 
about  one-third  of  the  length  of  the  worm,  when  it  divides  into 
two  ceca  which  extend  nearly  to  the  posterior  end  of  the  worm. 
No  phaiynx  is  seen. 

The  mouth  is  an  oval  opening  distinctly  marked  out.  It  is 
slightly  sub-terminal  and  may  be  observed  when  the  worm  is 
on  its  back.  The  anterior  ends  of  the  uterus  and  vas  deferens 
plainly  pass  under  the  posterior  edge  or  lip,  and  disappear  in 
the  mouth,  which  must  therefore  be  the  outlet  for  their  contents. 
Eggs  are  seen  in  utero,  a  very  short  distance  from  the  end,  but 
no  mouth  of  the  uterus  can  be  seen.  The  tissues  of  the  body 
in  this  locality,  as  well  as  elsewhere  outside  of  the  organ,  appear 
to  be  a  fine  network  of  muscular  fibers  with  small  cells  and  fine 
granular  matter  sparingly  distributed.  In  some  of  the  speci- 
mens the  head  which  is  very  small  appears  to  be  connected  with 
the  body  by  a  decided  neck,  but  of  course  this  varies  as  the 
result  of  muscular  action.  No  nervous  system  can  be  made  out, 
but  a  water  vascular  system  is  present  and  the  small  vessels 
gradually  coalesce  towards  the  tail  until  the  main  vessel  often 
can  be  seen  making  a  zig  zag  course  to  the  outlet. 

The  female  genitalia,  as  far  as  can  be  made  out,  consist 
of  the  ovary  which  is  a  thick  somewhat  curled  tube  extending 
from  near  the  anterior  end  to  about  the  junction  of  the  posterior 
with  the  anterior  two-thirds  of  the  worm.  It  stains  deep  red 
with  carmine.     In  some  specimens  there  is  an  enlargement  a 
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short  distance  from  its  posterior  end  in  which  the  ova  seem  riper 
than  elsewhere.  Just  behind  this  portion  of  the  ovary  may  be 
seen  a  rather  large  seminal  reservoir  from  which  a  tube  passes 
around  the  ovary  to  join  the  oviduct  just  anterior  to  the  ovary. 
Anterior  to  the  ovary  and  duct  from  the  seminal  reservoir,  a 
small  vitelline  duct  is  seen  to  join  the  oviduct,  after  which  there 
is  formed  the  ootype,  which  merges  into  the  shorter  division  of 
the  uterus.  The  eggs  in  this  first  portion  of  the  uterus  are  imma- 
ture and  it  is  not  until  they  have  proceeded  to  the  anterior  end 
of  the  worm,  thence  to  the  tail  and  return  to  the  head  that  they 
seem  fully  developed  and  ready  to  be  laid,  or  discharged  through 
the  genital  pore.  They  are  small — .005  mm.,  oval  yellow,  with- 
out filaments  and  very  numerous. 

The  vitellarium,  also  in  tubular  form,  extends  almost  the 
whole  length  of  the  worm;  it  is  somewhat  nodular  and  stains 
with  carmine  a  yellovvdsh  brown.  No  vagina  has  been  seen  nor 
has  a  shell  gland  been  found. 

The  male  genitalia  consist  of  a  tubular  testis  which  extends 
about  two-thirds  the  length  of  the  worm  beginning  near  the 
anterior  bend  of  the  uterus.  It  stains  pinkish.  At  the  posterior 
end  of  the  testis  the  vas  deferens  is  given  off ;  this  is  as  usual  a 
convoluted  tube  which  extends  anteriorly  to  the  atrium  situated, 
as  viewed  from  the  ventral  surface  of  the  worm,  behind  the 
mouth.    No  cirrus  is  visible. 

The  characters  of  the  worm  for  the  purposes  of  classifica- 
tion may  be  given  as  follows:  Flat,  ribbonlike,  very  narrow 
throughout,  but  very  attenuated  towards  the  anterior  end; 
uterus  in  two  or  three  tubes  extending  uncoiled  throughout 
nearly  from  one  end  to  the  other;  the  ovary  also  tubular,  but 
not  nearly  so  long  as  the  uterus.  Vitellarium  and  vas  deferens 
are  also  single  tubes;  the  former  nearly  half  as  long  as  the 
uterus.  The  testis  is  also  tubular  and  the  vas  deferens  extends 
through  nearly  three-fourths  of  the  length  of  the  worm  to  the 
end  at  the  genital  atrium  at  the  mouth.  Living  in  great  num- 
bers, tangled  together  under  the  mucosa  of  the  gill  cavity  of 
marine  fishes,  Sarda,  etc. 

This  worm  was  found  in  material  at  the  U.  S.  Bureau  of 
Fisheries  laboratory,  at  Wood's  Hole,  and  the  work  in  its  study 
was  carried  out  at  that  laboratory. 


I 


1915]  MacCallum:  Ectoparasitic  Trematodes  409 

Measurements — ^tail  end. 

From  bend  of  uterus  to  termination  15  mm. 

Tail  width  at  bend  of  uterus  14  mm. 

Tail  end  of  vitellaria  from  end  12  mm. 

Tail  end  from  beginning  of  ovary  1.35  mm. 

Width  of  ovary  near  tail  end  02  mm. 

Width  of  vitellaria  opposite  tail  end  of  ovary 02  mm. 

Head  end. 

Tip  of  head  end  from  bend  of  uterus 13  mm. 

Width  of  worm  across  bend  of  uterus  .12  mm. 

End  of  vitellaria  at  bend  of  uterus  from  tip  end  15  mm. 

Vas  deferens  seen  alongside  vitellaria  through  much 
of  its  course,  width  of  one  column  of  uterus  near 

anterior  end,  wide  part  02  mm. 

Width  of  adult  worm 60  mm. 

Length,  probably  5  or  6  inches  

Egg    005  mm. 

Atalostrophion  promicrops  nov.  sp. 

On  March  31,  1914,  portions  of  a  worm  of  the  same  genus 
as  A.  sardse  were  found  on  the  gills  of  a  large  Jew  fish, 
{Promicrops  guttatus)  at  the  New  York  Aquarium.  It  was  only 
discovered  after  the  body  had  been  disposed  of,  so  that  unfor- 
tunately the  branchial  cavity  was  not  examined  as  it  should 
have  been,  for  no  doubt  more  worms  would  have  been  found 
under  the  mucous  membrane  there. 

One  portion  of  worm  found  was  about  two  inches  long  by  .60 
mm.  wide.  It  was  more  muscular  than  that  found  in  Sarda 
sarda  and  not  so  thin  and  delicate.  It  contained  the  same  organ ; 
the  uterus,  however,  only  showed  a  single  tube  filled  with  eggs. 
This,  too,  is  a  new  species  and  will  be  fully  described  when 
further  material  is  secured.  I  would  in  the  meantime  propose 
the  name  Atalostrophion  promicrops. 

The  eggs  are  about  of  the  same  size  and  color  as  in  A.  sardae 
and  the  body,  although  thicker,  is  about  .60  mm.  in  width. 


Since  the  present  paper  has  been  in  press,  I  have  had  occa- 
sion to  examine  a  number  of  fish  fresh  from  the  sea,  among 
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them  two  snappers,  {Priacmithus  crnentatns)  whose  death  was 
certainly  caused  by  Diplectana.  The  gills  were  infested  by  them, 
literally  in  thousands;  in  such  numbers  as  I  had  never  seen 
before.  I  have  thought  the  fact  of  such  importance  that  it  should 
be  recorded  in  connection  with  the  above  paper. 

G.  A.  Mac. 
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THE  ASSIMILATION  OF  CHOLESTEROL  AND  ITS 
ESTERS. 

By  J.  HOWARD  MUELLER. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  June  9,  1915.) 

Although  it  is  now  a  generally  accepted  fact  that  the  cholesterol 
of  the  body  has  its  origin  in  the  food,  and  not,  as  has  been  held  by 
some  investigators,  in  an  actual  sjTithesis  within  the  body,  there  is 
yet  no  very  definite  information  as  to  the  mode  of  absorption,  or 
the  form  in  which  it  is  assimilated.  It  was  with  a  view  to  clearing 
up  these  two  points  that  the  work  represented  in  this  paper  was 
undertaken.  The  presence  in  the  body  of  the  free  cholesterol,  an 
alcohol,  together  with  its  esters  of  the  higher  fatty  acids,  oleic, 
palmitic,  and  stearic,  makes  it  desirable  to  get  a  better  under- 
standing of  the  relations  of  these  two  forms  in  order  to  approach 
more  nearly  a  solution  of  the  problem  of  their  physiology. 

That  cholesterol,  when  fed,  is  actually  absorbed,  and  that  the  absorption 
is  followed  by  a  rise  in  blood  cholesterol,  has  long  been  established.  Jan- 
kau'  found  that  when  fed  to  rabbits  and  dogs,  only  a  part  could  be  recov- 
ered from  the  feces,  although  he  was  unable  to  recognize  an  increase  in  the 
blood.  This  was  presumably  due  to  the  very  imperfect  methods  of  analysis 
available  at  that  time.  Pribram-  demonstrated  an  increase  in  blood  cho- 
lesterol after  feeding,  and  believed  that  the  increase  was  in  part  at  least 
due  to  free  cholesterol,  since  the  serum  from  such  animals  showed  an  in- 
creased inhibitory  power  toward  the  hemolytic  action  of  saponin,  the  free 
cholesterol  only  being  active  as  an  inhibiting  agent.  Kusumoto^  also 
found  that  only  a  part  of  the  cholesterol  of  the  diet  could  be  recovered 
from  the  feces.     Gardner  and  coworkers'  have  shown  definitely  that  feed- 

'  Jankau,  L..  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1892,  xxix,  237. 

=  Pribram,  H.,  Biochem.  Ztschr.,  1906,  i,  413. 

'  Kusumoto,  C,  ibid.,  1908,  xiv,  411. 

*  Doree,  C,  and  Gardner,  J.  A.,  Proc.  Roy.  Soc,  Series  B,  1908,  Ixxx, 
212;  1909,  Ixxxi,  109.  Fraser,  M.  T.,  and  Gardner,  J.  A.,  ibid.,  1909, 
Ixxxi,  230;  1910,  Ix.x.xii,  559.  Gardner,  J.  A.,  and  Lander,  P.  E.,  Biochem. 
Jour.,  1913,  vii,  576;  Proc.  Roy.  Sac,  Series  B.  1913-14,  Ixx.xvii,  229. 
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2  Assimilation  of  Cholesterol 

ing  cholesterol,  either  free  or  as  esters,  results  in  an  increase  in  the  blood 
content  both  in  the  free  and  combined  forms.  Their  work  has  been  done  on 
dogs,  cats,  rabbits,  and  chicks,  using  in  part  at  least,  the  digitonin  method 
of  Windaus'  for  analysis,  and  there  seems  to  be  uo  reason  to  question  their 
findings  or  conclusions. 

Since  most  fatty  material  which  is  absorbed  goes  into  the  body 
through  the  Ijanphatics  by  waj'  of  the  thoracic  duct,  it  seemed 
probable  tliat  claolesterol  would  also  be  absorbed  in  this  way  be- 
cause of  its  solubiUty  in  such  material,  and  insolubihty  in  aque- 
ous media.  Consequently  a  series  of  experiments  was  made  on 
dogs  for  the  purpose  of  determining  whether  or  not  a  marked  in- 
crease of  cholesterol  could  be  obtained  in  the  chyle  following  a 
meal  rich  in  cholesterol. 

A  thoracic  duct  fistula  was  produced  in  each  case  by  ligating 
the  external  jugular  vein  at  a  point  2  or  3  cm.  distal  to  the  en- 
trance of  the  duct,  the  innominate  vein  proximal  to  the  duct, 
the  subcla\'ian  vein,  and  several  other  small  veins  which  enter 
the  segment  thus  cut  off.  The  jugular  vein  was  then  cut  near  the 
distal  ligature,  and  its  proximal  end  sewed  into  the  corner  of  the 
incision.  Chyle  could  be  collected  from  a  fistula  so  produced,  by 
means  of  a  cannula,  or  by  allowing  it  to  drop  directly  into  a  test- 
tube  when  the  dog  is  standing  up.  Unfortunately  the  chyle 
coagulates  rather  readily  and  could  not  be  made  to  flow  for  more 
than  about  twenty-four  hours.  Consequently  it  was  usually  prac- 
ticable to  make  but  a  single  experiment,  or  at  most  two,  on  each 
dog.  I  wish  here  to  express  my  thanks  to  Prof.  W.  G.  Mac- 
Callum  for  his  kindness  in  doing  these  operations. 

The  plan  followed  was  to  allow  the  dog  to  recover  from  the 
etherization  in  the  course  of  three  or  four  hours,  then  to  give  the 
test  meal,  allowing  the  dog  to  eat  voluntarily  when  possible,  and 
at  other  times  feeding  first  10  to  15  grams  of  cooked  lean  meat 
in  order  to  stimulate  the  digestive  organs  to  normal  activity,  and 
then  giving  the  desired  material  by  stomach  tube.  A  10  cc. 
sample  of  chyle  was  taken  either  before  or  at  the  time  of  feeding, 
and  afterwards  at  varj-ing  intervals,  and  a  comparison  of  the 
cholesterol  content  of  the  specmiens  made  by  means  of  a  modi- 
fication of  the  Windaus  method.     The  details  of  this  method  I 

'Windaus,  A.,  Ztschr.  f.  physiol.  Chem.,  1910,  Ixv,  UO. 
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have  given  in  anotlier  place.*  The  ether  extract  of  the  chjde 
was  obtained  by  mixing  the  sample  ^\-ith  anhydrous  sodium  sul- 
phate, allowing  to  dry,  and  grinding  fine  in  a  mortar,  then  extract- 
ing thoroughly  with  ether  in  a  continuous  extraction  apparatus. 
A  description  of  the  experiments  follows. 

Experiment  I. — Immediately  after  the  completion  of  the  fistula  a  sample 
of  chyle  was  collected.  Four  and  one-half  hours  later  the  dog  was  fed  the 
yolks  of  four  eggs  mixed  with  a  small  amount  of  raw  meat  (20  to  30  gm.). 
This  meal,  although  not  analyzed,  contained  probably  about  1  gm.  of 
cholesterol,  of  which  90  per  cent  or  more  was  free.'  The  material  was  eaten 
voluntarily  by  the  dog.  Table  I  shows  the  details  of  the  experiment  and 
analysis.  The  last  column,  headed  "per  cent,"  gives  here,  and  in  the  suc- 
ceeding tables,  the  per  cent  of  the  total  cholesterol  which  is  in  the  uncom- 
bined  form. 

T.\BLE  I. 

Dog  1. 

Fistula  Completed  at  1  p.m. 


Chyle. 

■  Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
collected. 

Amount. 

Amount. 

Amount. 

p .  m . 
1.00 

*5  30 
7.30 
8.30 
9.30 

gin. 

13.4 
15.2 

9.6 
10.0 

9.8 

gm. 

0.0049 
0.0060 
0.0059 
0.0088 
0.0111 

per  cent 

0.036 
0.039 
0.062 
O.OSS 
0  113 

gm. 

0.0088 
0.0100 
0.0115 
0.0207 
0.0270 

per  cent 

0.066 
0.066 
0.119 
0.207 
0.276 

35.29 
37.62 
33.91 
29.83 
28.32 

*  Time  of  feeding. 

Experiment  II. — This  experiment  was  the  second  carried  out  on  Dog  2, 
the  first  being  reported  as  Experiment  IV.  The  test  meal  consisted  of  30 
gm.  of  lean  meat  and  three  raw  eggs,  with  which  was  thoroughly  mixed 
0.5  cc.  of  oleic  acid.  A  small  aliquot  of  this  was  analyzed,  and  the  whole 
found  to  contain  0.88  gm.  of  cholesterol,  of  which  88.15  per  cent  was  free. 
Owing  to  the  fact  that  the  digitonin  method  gives  low  values  for  free  cho- 
lesterol in  the  presence  of  much  oily  material,  the  amount  of  free  cholesterol 
was  probably  something  over  90  per  cent  of  the  total  cholesterol.  The  dog 
ate  the  food  voluntarily.     The  results  follow. 


'Mueller,  J.  H.,  Jour.  Biol.  Chem.,  1915,  xxi,  23. 
'Mueller,  loc.  cil. 
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TABLE  II. 

Dog  Z. 


Chyle. 

Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
collected. 

Amount. 

Amount. 

Amount. 

a.m. 

gni. 

gm. 

per  cent 

gm. 

-per  cent 

7.30 

10.5 

0.0043 

0.041 

0.0097 

0.092 

30.83 

*8.30 

11.30 

9.3 

0.0058 

0.062 

0.0164 

0.177 

23.94 

p.  m. 

12.30 

10.4 

0.0067 

0.065 

0.0162 

0.155 

29.54 

1.30 

11.2 

0.0062 

0.055 

0.0159 

0.139 

28.35 

*  Time  of  feeding. 

Experiment  III. — In  order  to  see  whether  pure  free  cholesterol  dig- 
solved  in  some  neutral  solvent  would  also  be  assimilated  in  the  same  way, 
this  dog  was  fed  first  a  very  small  piece  of  lean  me,at,  which  he  ate,  and 
was  then  given  by  stomach  tube  0.75  gm.  of  cholesterol  (Merck)  dissolved 
in  about  10  cc.  of  cottonseed  oil  and  emulsified  in  250  cc.  of  water  by  means 
of  white  of  egg.  No  trouble  was  experienced,  either  in  this  or  in  the  follow- 
ing experiments  where  a  similar  procedure  was  followed,  in  the  dog's 
vomiting  the  liquid  so  administered. 


TABLE  lU. 

Dog  3. 

Fistula  Completed  at  11.30  a.m. 


Chyle. 

Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
cotlected. 

Amount. 

Amount.  . 

Amount. 

p.  m. 

*3.15 
5.15 
7.15 

11.15 

gin. 

11.4 
10.7 
11.0 
10.8 

gm. 

0.0049 
0.0076 
0.0083 
0.0145 

per  cent 

0.043 
0.071 
0.076 
0.134 

gtn. 

0.0092 
0.0164 
0  0193 
0.0415 

per  cent 

0.081 
0.153 
0.175 
0.385  . 

34.67 
31.70 
30.28 
25.82 

*  Time  of  feeding. 

Experiment  IV . — In  order  to  investigate  the  absorption  of  cholesterol 
esters  it  was  necessary  to  resort  entirely  to  the  use  of  synthetic  compounds, 
fed  by  the  method  used  successfully  in  the  case  of  free  cholesterol  in  E,\- 
periment  III.     The  esters  used,  the  palmitate  and  oleate,  were  prepared 
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according  to  the  method  recommended  by  Htirthle/  by  heating  cholesterol 
with  five  times  its  weight  of  the  acid  to  be  used  to  about  200°  for  two  hours, 
and  purifying  the  esters  so  prdduced  by  alcohol,  in  which  they  are  very 
difficultly  soluble.  In  this  experiment  the  dog  was  given  first  17  gm.  of 
lean  meat,  which  had  been  found  to  contain  about  0.015  gm.  of  cholesterol, 
mostly  free,  and  then  by  stomach  tube  1.5  gm.  of  cholesterol  palmitate, 
dissolved  in  cottonseed  oil,  and  emulsified  in  water  with  egg  white.  The 
cottonseed  oil  was  found  on  analysis  to  contain  in  1  cc,  0.0010  gm.  of  ma- 
terial precipitated  by  digitonin  before  saponification,  and  0.0016  gm.  after 
saponification  of  the  filtrate  from  this.  This  substance  is  probably  the  so 
called  phytosterol,  which  evidently  exists  as  an  ester,  as  well  as  free,  al- 
though I  am  not  aware  that  this  point  has  been  brought  out  before.  It  is 
closely  related  chemically  to  cholesterol,  and  is  converted  into  it  when  fed 
to  animals.'    The  resjults  follow. 

TABLE  IV. 

Dog  2. 

Fistula  Completed  at  11.30  a.m. 


Chyle. 

Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
collected. 

Amount. 

Amount. 

.Amount. 

a.  m. 

gm. 

gm. 

per  cent 

gm. 

per  cent 

11. .30 

7.8 

0.0013 

0.016 

0.0029 

0.037 

30.19 

p.  VI. 

*3.40 

5.30 

9.8 

0.0025 

0.025 

0.0039 

0.040 

38.46 

6.40 

9.9 

0.0026 

0.026 

0.0038 

0.038 

40.62 

7.40 

9.9 

0.0027 

0.027 

Lost" 

*  Time  of  feeding. 

Experiment  V . — The  chyle  obtained  in  this  experiment  was  very  bloody 
a  small  vein  having  evidently  been  left  opening  into  the  jugular.  This 
accounts  for  the  relatively  high  proportion  of  free  cholesterol  found,  the 
cholesterol  of  dog  blood  being  in  the  neighborhood  of  SO  per  cent  uncom- 
bined.  The  dog  was  given  the  same  test  meal  as  the  preceding  one;  viz., 
1.5  gm.  of  cholesterol  palmitate  dissolved  in  cottonseed  oil  and  emulsified 
in  water. 


»  Hurthle,  K.,  Zlschr.  f.  physiol.  Chem.,  1895-96,  xxi,  331. 

'  Fraser  and  Gardner,  Proc.  Roy.  Soc,  Series  B,  1909,  Ixxxi,  230. 
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TABLE  V. 

Dog  4. 

Fistula  Completed  at  11.15  a.m. 


Chyle. 

Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
collected. 

Amount. 

Amount. 

Amount. 

J),  m. 

gm. 

gm. 

per  cent 

gm. 

per  cent 

4.30 

10.1 

0.0082 

0.081 

0.0036 

0.035 

69.83 

*5.15 

7.15 

10.0 

0.0116 

0.116 

0.0048 

0.048 

70.73 

9.15 

11.7 

0.0129 

0.110 

0.0067 

0.057 

65.87 

*  Time  of  feeding. 

Experiment  VI. — Cholesterol  oleate  was  substituted  in  this  experiment 
for  the  palmitate,  the  same  amount  being  used. 

TABLE  VL 

Dog  5. 

Fistula  Completed  at  1 .30  p.m. 


Chyle. 

Free  cholesterol. 

Cholesterol  esters. 

Per  cent. 

Time 
collected. 

Amount. 

Amount. 

Amount. 

p.  m. 

gill. 

gm. 

per  cent 

gm. 

per  cent 

*4  30 

10.7 

0.0026 

0.024 

0.0045 

0.042 

36.36 

6.45 

9.8 

0.0093 

0.095 

0.0133 

0.136 

41.13 

8.45 

9.7 

0.0065 

0.067 

0.0100 

0.103 

39.41 

0.  m. 

12.30 

10  0 

0.0067 

0.067 

^  0.0106 

0.106 

38.73 

*  Time  of  feeding. 

Experiment  VII. — Chyle  was  still  running  from  the  fistula  used  in  the 
preceding  experiment  the  next  morning,  and  another  experiment  was  un- 
dertaken on  the  same  dog,  using  this  time  1.5  gm.  of  cholesterol  palmitate. 
Unfortunately  only  one  sample  of  chyle  could  be  obtained  after  feeding, 
the  fistula  becoming  permanently  thrombosed. 
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TABLE  Vir. 
Dog  5. 


Ch 

yle. 

Free  cholesterol. 

ChoJeaterol  esters. 

Per  cent. 

Time 
cont?cted. 

Amount. 

Amount. 

Amount. 

a.  m. 

gm. 

gm. 

per  cent 

gm. 

per  cent 

9.00 

9.9 

0.0032 

0.033 

0.0042 

0.043 

43.42 

*9.30 

p.  m. 

12.30 

9.4 

0.0073 

0.078 

0.0106 

0.113 

40.84 

'  Time  of  feeding. 


The  figures  quoted  leave  little  doubt  but  that  cholesterol  is 
absorbed  in  the  chyle  together  with  other  lipoidal  material.  It 
is  of  course  not  certain  that  no  cholesterol  Is  taken  up  by  the 
lilood  stream  directly.  Unfortmiately  no  determinations  were 
made  on  the  blood  itself  during  the  course  of  these  experiments. 
It  might  be  argued  that  an  increase  in  the  cholesterol  of  the 
lymph  would  not  necessarily  indicate  an  absorption  through  the 
lacteals,  but  that  if  the  absorption  were  primarily  by  way  of  the 
blood  stream,  an  increase  would  naturally  follow  in  the  lymph 
of  the  thoracic  duct,  since  the  general  l>nnph  has  its  origin  ulti- 
mately in  the  blood  plasma.  Such  a  supposition,  however,  is  not 
borne  out  by  the  figures,  the  increase  in  some,  at  least,  of  the  ex- 
periments being  too  great  to  be  accounted  for  on  such  a  basis. 
The  dogs  used  were  all  fair  sized;  one  (No.  2),  which  was  after- 
ward bled  to  death  for  a  different  purpose,  \nelded  about  a  hter 
of  blood.  Of  this,  perhaps  750  cc.  were  composed  of  plasma. 
In  order  to  account  for  the  increase  which  was  shown  in  Experi- 
ment II  on  this  dog,  over  0.7  gram  of  cholesterol  would  have  been 
required  for  this  amount  of  plasma  alone,  without  taking  into 
consideration  the  blood  remaining  in  the  dog,  the  lymph  and 
intercellular  fluid,  or  the  tissues  themselves,  which  have  been 
shown  to  share  in  the  increase."*  Since  by  actual  analysis,  less 
than  0.9  gram  of  cholesterol  was  fed  in  this  experiment,  and  since 
it  has  been  repeatedly  shown  that  there  is  not  a  complete  absorp- 

"  Gardner  and  Lander,  Biochem.  Jour.,  1913,  vii,  576. 


8  Assimilation  of  Cholesterol 

tion  of  cholesterol,  much  that  is  fed  appearing  in  the  feces  either 
as  such  or  as  coprosterol,  its  reduction  product,  it  is  obvious 
that  the  increase  shown  by  the  chyle  could  not  be  explained  on 
such  a  basis.  In  other  experiments  the  rate  of  increase  would 
have  required  a  still  larger  quantity  of  cholesterol. 

It  is  evident,  further,  from  the  figures,  that  the  intestine  itself 
is  a  most  important  site  for  the  conversion  of  free  cholesterol  into 
its  esters  or  vice  versa.  This  is  probably  the  first  direct  evidence 
of  this  process  by  any  particular  tissue,  although  it  has,  of  course, 
been  known  that  such  changes  take  place  in  the  organism.  In 
those  experiments  in  which  a  meal  was  given  containing  almost 
entirely  free  cholesterol,  the  increase  is  evident,  not  only  in  the 
free  cholesterol  of  the  chyle,  but  also,  and  to  about  twice  the 
amount,  in  the  combined  cholesterol.  On  the  other  hand,  when 
cholesterol  almost  entirely  in  the  combined  form  is  fed,  there  is 
likewise  an  increase  in  both  fractions,  about  one-third  being  at- 
tributable to  free  cholesterol.  Evidently  during  the  absorption, 
the  trend  of  the  process  is  to  preserve  the  ratio  between  free  and 
esterified  cholesterol  which  is  normal  to  the  chyle,  and  either  an 
esterification  or  a  hydrolj'sis  may  take  place,  according  to  the 
character  of  the  material  supplied.  It  is  odd  that  in  all  the  ex- 
periments in  which  a  preponderance  of  free  cholesterol  was  fed, 
there  appears  to  have  been  a  slight  decrease  in  the  relative  amount 
of  free  cholesterol  in  the  total,  while  in  two  of  the  experiments  in 
which  the  esters  were  fed  (IV  and  VI),  the  reverse  is  true.  The 
significance  of  this  fact,  if  any,  is  not  apparent. 

In  Experiment  II  it  was  attempted  to  show  that  the  formation 
of  esters  from  the  free  cholesterol  might  be  due  to  the  hberation, 
during  the  digestion,  of  free  fatty  acids.  Hy  adding  oleic  acid 
to  the  food  it  was  thought  that  a  considerably  greater  increase  in 
esters  might  be  shown  than  in  Experiment  I,  the  two  being  in 
other  respects  similar.  The  results  did  not  in  any  waj^  bear  out 
the  hypothesis.  It  is  possible,  of  course,  that  the  amount  of 
oleic  acid  used  (0.5  cc.)  was  too  little  to  give  a  decided  effect. 

In  Experunent  III,  the  finding  of  such  a  large  amount  of 
cholesterol  in  the  last  sample  of  the  chyle  eight  hours  after  feed- 
ing, which  contained  also  considerably  more  oily  ether  extract 
than  the  preceding  ones,  may  be  explained  in  part  by  slow  ab- 
sorption owing  to  the  weak  condition  of  the  dog,  but  probably 
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more  by  the  blocking  of  the  chyle  in  the  intestinal  lymphatics, 
following  the  temporary  closing  of  its  exit.  The  chyle  never  ran* 
continuously,  but  coagulated  in  the  oi'ifice  of  the  duct  soon  after 
each  sample  was  taken.  As  stated  above,  it  was  always  possible 
to  start  the  flow  again  without  any  difficulty  by  inserting  a  can- 
nula until  about  twenty-four  hours  after  the  operation,  when 
permanent  clotting  usually  took  place. 

The  experiments  on  cholesterol  pahoitatewere  not,  on  the  whole, 
as  satisfactory  as  those  on  free  cholesterol  and  cholesterol  oleate, 
in  all  of  which  very  marked  absorption  was  indicated.  Experi- 
ment IV  is  almost  entirely  negative,  even  the  apparent  increase  in 
free  cholesterol  in  the  second  sample  being  probably  due  to  a 
false  value  for  the  first  determination,  since  figures  of  this  kind 
were  not  obtained  in  any  other  case.  The  extremely  small  size 
of  the  first  sample  renders  this  likely.  It  may  ])e  noted,  however, 
in  this  connection  that  this  is  the  only  ambiguous  figure  in  the 
whole  series,  the  work  taken  altogether  indicating  that  the  modi- 
fication of  the  digitonin  method  of  analysis  used  here  is  remark- 
ably accurate,  even  for  much  smaller  quantities  of  material  than 
has  been  generally  believed. 

Experiment  Y,  in  spite  of  the  large  amount  of  blood  present, 
shows  a  distinct  increase  in  cholesterol  content,  while  the  in- 
crease shown  in  Experiment  \T!I  is  equal  to  that  obtained  in  the 
feeding  with  free  cholesterol. 

CONCLUSIONS. 

1.  Cholesterol  is  readily  absorbed  from  the  intestinal  tract 
through  the  chyle  and  may  be  recognized  in  the  contents  of  the 
thoracic  duct. 

2.  When  cholesterol  is  fed  entirely  in  the  free  condition,  a  por- 
tion is  esterified  during  the  absorption  and  appears  so  in  the 
chyle,  and  vice  versa.  Hence  either  in  the  intestinal  contents  or 
in  the  wall  of  the  intestine,  processes  of  esterification  or  of  hydroly- 
sis may  take  place  which  result  in  the  absorption  of  the  choles- 
terol in  approximately  the  same  proportion  of  free  to  ester  found 
normally  in  the  chyle. 

3.  This  ratio  seems  not  to  be  affected  by  the  presence  of  small 
quantities  of  fatty  acids  in  the  food. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Society. 
N.S..  Vol.  XV,  No.  5,  May,  1915.I 
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EOSINOPHILIC  INFILTRATION  OF  THE  PANCREAS 

HENRY   A.    RILEY,    M.D, 

{From   tlic  Dcf^artiiicnt  of  Pathology  of  the  College  of  Physiciuns  and 
Surgeons,  Xew   York   City) 

The  case  which  is  the  suljject  of  this  report  possesses  interest 
in  that  as  far  as  can  be  ascertained,  it  is  the  only  case  on  record 
which  presents  an  eosinophiha  hniited  to  the  pancreas  alone  and 
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existing  in  that  organ  without  discoverable  cause  and  independent 
of  a  generalized  eosinophilia. 

Before  describing  the  histological  characteristics  of  the  organ 
involved,  it  may  be  well  to  consider  briefly  the  cause  of  general- 
ized and  local  eosinophilia.  The  main  authority  consulted  is  the 
exhaustive  study  on  general  and  localized  eosinophilia  by  E. 
Schwartz  in  tlie  Erf/cbiiissc  tier  alUiciiic'uic  Pathologic,  1914,  Yo\. 
jy,  Parti. 

General  Eosinof'hilia :  Drawing  liis  facts  from  many  sources,  Schwartz 
places  the  normal  limits  of  the  eosinophilic  cells  in  the  circulating  hlood 
between  2  per  cent,  and  4  per  cent,  in  adults,  2  per  cent,  and  5  per  cent,  in 
children.  Race,  sex,  age,  temperature  of  the  environment,  pregnancy  and 
parturition  seem  to  bear  no  direct  influence  upon  the  eosinophile  cells.  The 
condition  of  nourishment  appears  to  exert  some  influence,  starvation  reducing 
the  number  of  cells,  which,  however,  rapidly  returns  to  normal  upon  the 
restitution  of  sufficient  nourishment. 

Splenectomy  or  ligation  of  the  splenic  vessels  is  followed  by  an  immedi- 
ate decrease  in  the  number  of  cells,  then  a  rise  to  a  supernormal  figure  and 
then  a  slow  drop  to  a  subnormal  iigure  which  is  then  maintained. 

The  effects  of  many  and  varied  to.xic  agents  have  been  studied.  Those 
which  produce  an  increase  are  antimony,  CO,  CO::  and  pilocarpine.  Haemo- 
toxic  substances  seem  to  exert  no  constant  effect  upon  the  number  of  eosino- 
philes.  Anaphylactic  shock  is  regularly  followed  by  a  marked  and  protracted 
eosinophilia.  This  phenomenon  is  considered  to  be  the  explanation  of  the 
eosinophilia  observed  in  asthma,  hay-fever,  many  of  the  dermatoses  and  cer- 
tain obscure  intestinal  phenomena  which  have  been  lield  by  many  to  be  due 
to  localized  anaphylactic  conditions. 

Disturbances  of  the  glands  of  internal  secretion  do  not  seem  to  exert 
any  constant  effect  upon  the  eosinophiles  except  in  the  thyroid;  hypothyroid- 
ism being  fairly  constantly  accompanied  by  an  increase,  Iwperthyroidism  by  a 
decrease  in  the  number  of  eosinophiles.  Certain  nervous  diseases  are  accom- 
panied by  an  eosinophilia.  among  which  may  be  named  epilep.sy,  especially 
in  periods  immediately  following  active  seizures,  dementia  precox,  paranoia, 
and  many  psychoses  of  various  origins. 

The  conditions  which  produce  the  most  striking  examples  of  eosinophilia 
are  those  associated  with  parasites.  The  site  of  the  infection  does  not  seem 
to  influence  the  blood  picture,  for  similar  extreme  examples  are  found  in  all 
of  the  groups  of  parasites  whether  they  exist  in  the  intestinal  canal,  the 
parenchymatous  organs,  the  urinary  system,  the  muscles,  or  the  blood.  They 
differ  markedly  in  their  eosinophilic  properties,  however,  some  of  the  para- 
sites being  unable  to  stir  up  any  response,  while  others  produce  such  a  pro- 
found effect  that  the  eosinophilic  cell  may  occupy  an  almost  exclusive  posi- 
tion in  the  composition  of  the  white  elements  of  the  blood.  In  general,  higher 
values  are  observed  in  children  than   in  adults.     Those  parasites  which  are 
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Fig.   I.     Low  power  picture   showing  islands  of   large   size   and  eosinophilic 
infiltration  of  the  surrounding  tissues. 
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capable  of  passing  into  encysted  form  gradually  show  a  diminishing  inflncncf 
on  the  eosinophiles.  If,  however,  the  contents  of  the  cyst  gain  access  to  the 
blood  stream  either  by  rupture,  or  by  aspiration  and  injection,  an  iinmediate 
eosinophilic  response  results.  Of  the  intestinal  parasites,  the  Ankylostoiiui 
duodcnalc  stands  at  the  head  in  its  ability  to  produce  an  eosinophilic  re- 
sponse, values  as  high  as  8o  per  cent,  having  been  recorded.  When  it  is 
considered  that  at  the  same  time  there  is  a  marked  rise  in  the  total  number 
of  leucocytes,  it  can  readily  be  seen  that  enormous  numbers  of  new  cells 
have  been  added  to  the  circulating  blood.  Malaria  in  its  chronic  forms  has 
been  known  to  produce  20  per  cent,  of  eosinophiles. 

Certain  of  the  infectious  diseases  present  instances  of  moderate  in- 
creases in  the  number  of  eosinophiles, — rheumatic  fever,  scarlet  fever,  vac- 
cinia, the  post-critical  period  in  pneumonia  when  the  eosinophiles  which  have 
heretofore  been  completely  absent  from  the  blood  reappear.  In  gonorrhea, 
especially  with  the  incidence  of  complications,  a  moderate  increase  in  the 
number  of  eosinophiles  has  been  observed,  while  extreme  values  of  25  per 
cent,  have  been  recorded.  Amoebic  dysentery  has  also  shown  high  figures,  47 
per  cent,  having  been  reported  in  one  case. 

In  tuberculosis  we  find  the  eosinophiles  playing  a  role  of  some  prognostic 
importance  for  they  disappear  from  the  blood  in  cases  of  advancing  involve- 
ment by  the  tubercle  bacillus  and  reappear  only  when  the  reparative  processes 
of  the  body  have  succeeded  in  outstripping  the  ravages  of  the  disease. 

The  list  of  dermatoses  with  which  eosinophilia  has  been  associated  is  a 
long  and  formidable  one.  It  is  an  almost  constant  accompaniment  of  urti- 
caria, eczema,  prurigo,  iodide  and  mercury  erythemata,  and  all  vesicular  and 
bullous  diseases.  Psoriasis  shows  an  eosinophilia  only  inconstantly,  but  it  is 
invarialily  present  in  the  dermatitis  exfoliativa  which  often  follows  psoriasis. 

A  general  eosinophilia  is  also  seen  accompanying  many  of  the  granulo- 
mata  and  neoplasms.  Prominent  among  these  is  Hodgkin's  disease  where 
figures  up  to  2S  per  cent,  may  be  encountered.  Curiously  enough,  higher 
values  may  be  met  with  after  .r-ray  treatment,  percentages  up  to  68  per  cent, 
having  been  reported.  General  sarcomatosis  and  carcinosis  may  produce  a 
generalized  eosinophilic  response  even  to  -|5  per  cent,  in  cases  of  the  latter. 
Lymphosarcoma  may  also  produce  a  general  blood-reaction,  but  to  a  less 
degree. 

Local  Eosinof'hilia:  The  eosinophiles  are  found  widely  scattered  through- 
out the  body  under  physiological  conditions,  both  in  the  fluids  of  the  body 
and  also  in  the  tissues.  In  the  hsemolymph  glands  they  are  more  numerous 
than  in  the  ordinary  lymph  glands.  They  are  said  to  be  absent  from  the 
mucous  membrane  of  the  oesophagus  and  stomach  but  are  present  in  consider- 
able numbers  in  that  of  the  intestine.  A  diet  mainly  of  meat  or  one  con- 
taining many  irritating  components  is  said  to  increase  the  number  of  the 
eosinophiles  in  the  mucosa.  During  the  di.gestive  periods  the  number  in  the 
spleen  increases,  while  in  fasting  periods  only  a  few  can  be  found.  When 
present  they  are  found  only  in  the  pulp.  There  are  no  recorded  investiga- 
tions as  to  their  presence  in  the  salivary  glands  or  the  pancreas. 

They   exist   in   only   moderate  numbers   in   the  walls  of  the   respiratory 
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tract,  but  are  said  to  present  accumulations  about  tlie  mucous  glands  of  the 
bronchi. 

They  may  be  found  in  varying  numbers  in  the  thymus  increasing  up  to 
the  seventh  month  and  then  receding. 

In  lesions  of  the  gastro-intestinal  tract  they  may  be  materially  increased 
in  number,  being  found  in  catarrhal  gastritis,  atrophic  gastritis  and  especially 
in  tissues  showing  neoplastic  changes.  They  are  supposed  to  bear  a  direct 
relation  to  the  increased  mucous  secretion  of  the  disordered  mucosa  rather 
than  to  the  processes  of  disintegration.  In  some  forms  of  appendiceal  in- 
flammation they  are  quite  numerous.  These  accumulations  in  the  mucosa  of 
the  intestinal  tract  are  attributed  to  local  immunity  reactions  comparable  to 
the  generalized  eosinophilia  associated  with  anaphylactic  phenomena. 

They  are  present  in  the  myocardium  of  cases  dying  during  the  course  of 
diphtheria.  They  are  not  found  in  cases  proving  fatal  prior  to  the  seventh 
day  of  the  disease,  .\ttempts  to  explain  them  on  the  basis  of  anaphylaxis 
resulting  from  the  injection  of  antidiphtheric  sera  have  not  been  successful, 
for  they  have  been  found  as  frequently  in  those  who  have  been  and  those 
who  have  not  been  treated  with  serum.  They  are  not  present  in  increasing 
numbers  in  comparison  with  the  number  of  serum  injections,  and  they  bear 
no  relationship  to  the  clinical  severity  of  the  case.  They  are  found  closely 
gathered  about  the  smaller  blood  vessels  but  not  in  the  region  of  blood  ex- 
travasations nor  near  the  foci  of  degeneration. 

They  are  inconstantly  present  in  the  pus  arising  from  non-specific  inflam- 
mations, but  in  the  pus  from  gonorrheal  processes  in  any  site  they  are  abun- 
dantly present,  increasing  in  direct  relation  to  the  duration  of  the  process 
until  they  may  make  up  almost  the  entire  bulk  of  the  suppurative  material. 
In  the  nasal  and  bronchial  secretions  from  asthma  and  hay-fever  tliey  are 
very  numerous  and  may  in  these  instances  be  largely  mononuclear  in  charac- 
ter. In  asthma  it  has  been  noted  that  large  numbers  of  the  leucocytes  found 
in  the  urine  may  be  eosinophiles.  The  faeces  in  cases  of  intestinal  helmin- 
thiasis may  contain  large  numbers  of  eosinophilic  leucocytes.  Pleural  exu- 
dates often  show  increasing  numbers  of  eosinophiles  as  the  inflammatory 
process  recedes. 

The  parasitic  lesions  of  the  skin  show  a  local  eosinophilia,  the  cells  be- 
ing arranged  either  in  groups  or  scattered  diffusely  through  the  tissues. 
Often  they  are  gathered  about  the  smaller  blood  vessels.  In  cases  of  infec- 
tion with  Trichiiiella  the  eosinophiles  are  not  strictly  limited  to  the  immedi- 
ate vicinity  of  the  parasite,  but  they  may  be  found  throughout  the  interstitial 
inflammatory  tissue.  In  lymph  node  involvement  by  Filaria  the  eosinophiles 
may  be  found  in  large  numbers  occupying  both  the  lymph  sinuses  and  the 
lymph  cords.  The  lymphatics  may  also  be  found  to  contain  great  numbers 
of  eosinophiles.  Balantidiiiiit  coli  is  also  capable  of  producing  a  marked 
eosinophilia,  the  infected  areas  of  the  colon  containing  many  of  these  cells. 

The  dermatoses  in  a  similar  manner  show  a  local  eosinophilia.  the  tis- 
sues surrounding  and  underlying  the  lesions  often  being  tightly  packed  with 
eosinophiles.  The  skin  diseases  capable  of  producing  a  local  eosinophilia  are 
identical  with  those  which  are  responsible  for  the  similar  generalized  blood 
reaction. 
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The  local  eosinophilia  about  neoplasms  is  often  of  considerable  impor- 
tance. This  question  presents  many  obscure  and  puzzling  features  for  no 
one  constant  factor  can  be  found  exercising  any  marked  influence  upon  this 
specialized  tissue  reaction.  One  form  of  tumor  may  in  one  site  be  accom- 
panied by  a  marked  eosinophilia  only  to  find  a  similar  reaction  completely 
lacking  in  a  similar  tumor  in  another  region,  and  one  form  of  tumor  in  a 
given  region  may  supply  inany  eosinophiles,  whereas  a  different  tumor  in  the 
same  tissue  will  show  none.  In  general,  however,  it  may  be  stated  that 
those  tissues  which  are  exposed  to  the  greatest  irritation  are  those  in  which 
the  eosinophiles  are  the  most  numerous. 

The  carcinomata  are  fairly  regularly  accompanied  by  a  moderate  eosin- 
ophilic infiltration,  the  uterus  being  the  tissue  which  is  capable  of  furnishing 
the  greatest  numbers  of  these  cells.  They  are  also  present  to  a  lesser  degree 
in  sarcomata  of  all  types.  They  are  usually  infrequent  in  the  hyperneph- 
romata.  Benign  growths  may  also  show  an  eosinophilia,  but  less  regularly 
and  to  a  slighter  degree,  than  the  malignant  growths. 

The  lesions  of  periarteritis  nodosa  show  regularly  a  diffuse  admixture  of 
eosinophilic  cells. 

CASE    REPORT 

The  cliild  who.-^e  ]iancreas  is  the  subject  uf  this  paper  was  born 
on  the  .25tli  of  ]\Iarcli  of  tliis  year  at  the  Nursery  and  Child's 
Hospital.  It  was  the  last  of  fourteen  pregnancies,  one  of  which 
terminated  in  a  still-birth :  all  the  others  however,  including  this 
one  were  normal  in  all  respects.  The  child  was  living  unt'i 
labor  began,  but  as  it  was  a  very  large  child,  weighing  over  ten 
pounds  and  being  a  breech  presentation  with  a  long  difficult  labor, 
extraction  was  protracted  and  the  child  was  born  dead.  There 
were  no  external  abnormalities,  no  stigmata  of  syphilis,  and  all  the 
organs  were  fountl  in  an  apiiroxiniatelv  normal  condition.  The 
pancreas  was  grossly  cpiite  normal.  The  cause  of  death  was  as- 
certained to  be  a  fracture  between  the  third  and  fourth  cervical 
vertebrae,  consequent  upon  forcilole  extraction  in  the  breech 
position.  No  suspicion  of  anything  pathological  was  aroused 
in  the  routine  microscopical  examination  except  for  a  slight 
degree  of  degeneration  in  the  parenchymal  cells  of  the  liver, 
kidneys  and  adrenals,  until  the  pancreas  was  reached,  where 
a  most  unusual  and  interesting  condition  was  found.  This 
change  affected  all  the  constituents  of  the  pancreas,  the  islands 
of  Langerhans,  the  interstitial  tissue  and  last  and  least  the  acinar 
tissue.  The  same  condition  existed  in  all  parts  of  the  organ 
examined. 
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The  islands  were  enormously  increased  in  size  and  almost 
visible  to  the  naked  eye.  They  were  much  distorted  and  their 
usual  orderly  internal  structure  was  much  oljscured.  They  were 
made  up  chietl\-  of  two  types  o-f  cells :  (  i  )  A  cell  which  comprised 
the  main  bulk  of  the  island  and  was  large  with  a  granular  deep 
staining  cytoplasm  and  an  ill-defined  cell  outline.  The  nuclei 
differed  much  in  si;^e,  some  were  \ery  large  indeed  and  presented 
a  clear  protoplasm,  a  definite  chromatin  network,  and  in  some 
cases  a  distinct  nucleolus.  The  cytoplasm  of  the  cells  in  many 
areas  resembled  a  syncytium.  These  cells  suggested  in  many  of 
their  properties  neoplastic  cells.  ( 2 )  The  second  type  of  cell  was 
much  less  numerous  and  was  arranged  principally  about  the 
periphery  of  the  islands.  It  had  a  small  darkly  staining  nucleus, 
more  or  less  oval  in  nutline,  in  which  no  chromatin  network  could 
be  made  out.  Its  cell  outline  was  somewhat  more  definite  than  that 
of  the  preceding  cell,  and  its  cytoplasm  took  a  pinker  stain.  Oc- 
casional eosinophiles  could  be  seen  in  among  the  cells  of  the 
island.  In  the  spaces  which  surrounded  the  capillary  loops  could 
be  seen  numbers  of  beautifully  granulated  eosinophiles,  which 
were  in  greater  part  multilobular,  although  mononuclear  cell-^ 
were  present  in  fair  numbers.  In  the  connective  tissue  of  the 
capillary  loops  the  eosinophiles  seemed  to  be  surrounded  by  deli- 
cate connective  tissue  strands.  The  connective  tissue  of  the  pan- 
creas ]iresented  the  most  extraordinary  eosinophilic  infiltration, 
the  entire  tissue  haxing  l)een  simph*  converted  intri  eosinophilic 
tissue,  each  cell,  in  many  instances,  surrounded  by  delicate  con- 
nective tissue  fibrils.  Between  the  eosinophile  cells  could  be  seen 
occasional  connective  tissue  cells  and  only  very  infrequently  a 
polynuclear  leuciicyte.  The  tissue  was  so  densely  infiltrated  with 
eosino])hiles  that  it  was  difficult  to  demonstrate  am'  particular 
condensation  al)out  the  blood  vessels.  The  capillaries  were  en- 
gorged and  the  lining  endothelium  seemed  enlarged  and  swollen, 
but  onlv  occasional  eosinophiles  could  be  found  within  the  capil- 
laries. There  was  a  large  amount,  of  free  eosin-staining  granular 
material  present  in  the  section.  Scattered  here  and  there  singly 
and  in  small  clumps  between  the  cells  could  he  seen  long  needle- 
like cr_\'stals  pointed  at  each  end  and  somewhat  thicker  at  the 
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middle,  which  took  a  pink  stain,  and  seemed  to  be  typical  Charcot- 
Leyden  crystals.  The  acinar  tissue  was  much  reduced  in  amount 
and  the  acini  were  in  hw'^a  part  isolated  from  one  another  by  a 
uniform  increase  in  the  amount  cjf  inter-acinar  connective  tissue 
which  appeared  nedematous  and  was  l(jaded  with  eosinophiles. 
The  majority  of  the  acinar  cells  appeared  quite  normal  but  occa- 
sional \acuolated  cells  and  indeed  entire  degenerating  acini  could 
be  found.     The  eosinophile  cells  did  not  invade  the  acini. 

Attempts  to  clear  up  the  etiology  of  this  condition  ha\-e  l)een 
without  success.  Tissue  stained  by  the  Levaditi  method  and 
examined  for  spirochaetae  has  not  disclosed  any  of  these  organ- 
isms. Efforts  to  find  bacteria  in  preparations  stained  by  the 
Gram  method  and  with  Giemsa's  stain  have  also  been  unsuc- 
cessful. 

The  questinn  of  the  origin  of  the  eosinophiles,  whether  by  emi- 
gration from  the  blood  vessels  or  by  local  production  will  be  left 
open. 

It  is  equally  impossible  to  give  any  definite  opinion  as  to  the 
underlying  cause  for  this  peculiar  picture,  but  it  would  seem  that 
it  was  associated  with  the  islands  of  Langerhans.  The  appear- 
ance (if  the  cells  of  the  islands  indicated  that  some  mnisual  proc- 
ess was  in  course  there  and  it  is  conceix'able  that  some  abnormality 
in  their  metabolism  may  be  responsible  for  the  eosinophilic  infil- 
tration. 

Bibliogrupliy 

WuLFFius  :  Frankfurter  Zeit.  fiir  Path.,  1914,  xvi,  58-69. 
Arbano  :  Virchow's  Arcliiv,  1914.  ccxvii,  402-452. 
Schwartz:  Ergeb.  der  Allg.  Path.,  1914.  xvii,  137-789. 


/ 
[Reprinted  from  the  Journ'al  of  Experimental  Medicine,  Vol.  XXII.No. 6, 1915.] 


AN  EXPERIMENTAL  STUDY  OF  BLOOD  GLYCOLYSIS. 
THE   EFFECTS   OF   THYROID   AND   ADRENAL 
EXTRACTS  AND  PHLORHIZIN  ON  GLY- 
COLYSIS IN  VITRO. 

By  GEORGE  M.  MACKENZIE,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  June  17,  1915.) 

Efforts  to  localize  and  measure  glycoh-sis  have  been  very  un- 
satisfactory, especially  since  the  theory  of  Cohnheim'  concerning 
glucose  destruction  by  the  combined  action  of  extracts  of  muscle  and 
pancreas  has  been  shattered  by  Levene  and  ileyer.-  Levene  and 
Meyer  showed  that  the  sugar  was  not  really  oxidized  in  such  mix- 
tures, but  converted  into  other  forms  which  fail  to  reduce  copper. 
Hydrolysis  of  the  resulting  fluid  restores  the  glucose  with  its  original 
power  of  reduction.  Nevertheless,  Levene  an.d  Meyer  admitted 
that  glycolysis  could  be  brought  about  by  leucocytes,  and  many 
others  have  shown  that  if  blood  be  incubated  for  several  hours  the 
amount  of  glucose  remaining  is  distinctly  less  than  in  the  freshly 
shed  blood.  This  oxidation  of  glucose  in  the  blood  is  probably, 
however,  of  very  slight  physiological  importance. 

It  is  known  that  glycosuria  appears  after  the  injection  of  certain 
materials  into  the  body,  and  it  was  thought  desirable  to  determine,  if 
it  could  be  demonstrated  by  using  the  ordinary  blood  gljxolysis  as  a 
test,  whether  these  substances  have  any  effect  upon  the  action  of  a 
sugar-splitting  enzyme.  It  was  realized  that  other  explanations  of 
their  action  are  generally  accepted  and  that  their  application  to  a 
somewhat  artificial  process  of  glycolysis  outside  of  the  body  might 
be  criticized.  Nevertheless,  the  experiments  were  made  to  learn 
whether,  in  any  degree,  they  could  act  to  inhibit  a  glycol^'tic  process. 

1  Cohnheim,  O.,  Zlschr.  f.  physiol.  Chcm.,  1904,  xlii,  401 ;  1906,  xlvii,  253. 
-Levene,  P.  A.,  and  Meyer,  G.  M.,  Jour.  Biol.  Chem.,  1911,  ix,  97. 
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EXPERIMENTAL. 

Study  of  Blood  Glycolysis.     Effects  of  Thyroid  and  Adrenal  Ex- 
tracts and  Phlorhicin  on  Glycolysis  in  Vitro. 

Method. 

Dogs  were  used  in  all  the  experiments.  The  animals  were  ethe- 
rized and  either  a  carotid  or  femoral  artery  exposed.  A  cannula, 
with  rubber  tube  attached,  was  inserted  in  the  artery  and  the  blood 
drawn  directly  into  a  sterile  bottle  containing  glass  beads.  The 
blood  was  defibrinated  and  20  cc.  portions  pipetted  of¥  and  placed 
in  sterile  150  cc.  Erlenmeyer  flasks  which  were  plugged  with  sterile 
cotton.  The  amount  of  reducing  substance  in  the  blood  drawn 
was  determined  immediately ;  in  most  of  the  experiments  duplicate 
portions  were  used.  Table  III  shows  the  difference  found  in  the 
duplicate  portions  of  the  same  blood.  The  other  portions,  after 
the  substances  being  studied  for  their  effect  on  glycolysis  had  been 
added,  were  placed  in  the  incubator  at  38°  C.  for  varying  periods  of 
time  and  then  the  reducing  substance  determined.  For  comparison 
of  the  rate  of  glycolysis  an  untreated  portion  of  the  same  blood  was, 
in  each  case,  incubated  along  with  the  treated  portions. 

In  all  the  determinations  the  protein  was  precipitated  with  col- 
loidal ferric  hydroxide  and  sodium  sulphate'  and  the  reducing  sub- 
stance found  by  the  method  of  Bertrand.* 

Inasmuch  as  only  comparative  values  were  sought  rather  than  an 
accurate  determination  of  the  normal  blood  sugar  level  of  the  dog, 
no  effort  was  luade  to  avoid  the  effects  of  excitement,  struggling, 
and  ether.  The  figures,  therefore,  are  somewhat  higher  than  those 
of  Shaffer,^  Embden,  Liithje,  and  Liefmann,*'  who  eliminated  these 
factors  as  completely  as  possible.  Shaffer's  results  varied  between 
0.02  and  0.065  per  ^-''^"t,  Embden,  Liithje,  and  Liefmann's  between 
0.057  'iiid  0.088  per  cent.  Macleod'  gives  the  figures  of  several  ol> 
servers  which  vary  between  0.086  and  0.207  per  cent.  His  own 
vary  between  0.079  and  0.205  per  cent. 

3  Rona,  P..  and  Michaelis,  L.,  Biochcm.  Ztschr.,  igo8,  vii,  329.  Macleod,  J.  J. 
R..  Diabetes,  London,  1913,  28. 

■*  Bertrand.  G.,  Bull,  de  la  Soc.  chim.  dc  Paris.  1906.  xxxv,  1285. 

•''  Shaffer,  P.  A.,  Jour.  Biol.  Citem.,  1914,  xix,  297. 

"Embden,  G..  Liithje,  H.,  and  Liefmann.  E.,  Bcitr.  :.  tshcin.  Phys.  11.  Path., 
1907,  X,  265. 

'  Macleod,  loc.  cit.;  Jour.  Biol.  Clicm.,  1913,  xv,  497. 
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In  all  the  experiments  sterile  conditions  were  maintained  as  far  as 
possible.  Cultures  were  taken  from  the  incubated  blood  in  the  first 
few  experiments.  A  few  of  these  were  contaminated  but  most  of 
them  were  sterile.  To  determine  the  effect  of  contamination  upon 
the  rate  of  disappearance  of  reducing  substance,  duplicate  portions 
of  the  same  blood  were  incubated  for  the  same  period  of  time,  one 
under  aseptic  conditions,  the  other  without  sterile  glassware  and 
without  any  effort  to  avoid  contamination.  The  results  are  shown 
in  Table  I.  The  loss  of  reducing  substance  is  tabulated  here,  and 
in  other  tables  that  follow,  as  percentile  glycolysis,  which  expresses 
the  ratio  of  the  amount  of  sugar  lost  during  incubation  to  the  amount 

sugar  lost  per  loo  cc.  


originally  present;  i.e., 
percentile  glycolysis. 


sugar  originally  present  per  loo  cc. 


TABLE  I. 

Comparative   Values  for  Blood  Glycolysis  under  Sterile  and  Non-Sterile 

Conditions. 


Experi- 

Glucose before 

Condition  of  blood  dur- 

Duration of 

(llucose  after 

Percentile 

ment. 

incubation. 

ing  incubation. 

incubation. 

incubation. 

glycolysis. 

per  cent 

hrs. 

per  cent 

I 

0.130 

(  Sterile 

1  Non-sterile 

3 
-     3 

0.073 
0.076 

43-8 
41-5 

II 

0.130 

J  Sterile 

I  Non-sterile 

.     3 
3 

0.075 
0.073 

42-3 
43.8 

III 

O.IOO 

J  Sterile 

1  Non-sterile 

3 
3 

0.074 
0.075 

26.0 
25.0 

From  this  it  appears  that  the  difference  in  the  amount  of  glycoly- 
sis taking  place  in  sterile  and  contaminated  blood  during  a  period  of 
three  hours'  incubation  is  within  the  limits  of  experimental  error, 
and,  therefore,  that  failure  to  maintain  sterile  conditions  probably 
has  little  or  no  effect  on  the  amount  of  glycolysis  occurring  within 
a  period  of  three  hours. 

In  order  to  determine  how  much  variation  there  might  be  in  the  rate  of 
glycolysis  in  several  portions  of  the  same  blood  taken  at  the  same  time  and  kept 
under  the  same  conditions,  three  20  cc.  portions  of  the  same  blood  were  incubated 
in  separate  flasks  and  the  percentage  of  sugar  then  determined.  The  results  are 
shown  in  Table  II. 
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TABLE  II. 
Variations  in  the  Amount  of  Glycolysis  in  Several  Portions  of  the  Same  Blood. 


Experi- 

Glucose before 

Duration  pf 

Glucose  after 

Percentile 

ment. 

incubation. 

incubation. 

incubation. 

glycolysis. 

per  cetil 

hrs. 

per  cent 

f^ 

3 

0.069 

310 

I 

O.IOO 

1^ 

3 

0.074 

26.0 

(C 

3 

0.073 

27.0 

r-4 

3 

0.070 

46.1 

II 

0.130 

•|5 

3 

0.073 

43-8 

ic 

3 

0.07S 

42-3 

This  indicates  that  different  portions  of  the  same  blood  under  iden- 
tical conditions  show  very  slight  variation  in  the  rate  of  glycolysis, 
and  this  factor,  therefore,  does  not  explain  irregularities  in  the  re- 
sults after  adrenalin,  thyroid  extract,  and  phlorhizin  have  been 
added  to  the  blood. 

Table  III  is  given  to  sliow  the  amount  of  experimental  error  by  the  methods 
used.     The  greatest  difference  found  was  about  3  per  cent. 

TABLE  III. 
Percentage  of  Blood  Sugar  in  Tzvo  Portions  of  the  Same  Blood. 


Portions. 

z 

■   2 

•     3               4 

5 

6 

7 

8 

Percentage  of  blood 
sugar  

A 
B 

O.I  10 

0.II2 

0.099 
0.096 

0.174 
0.172 

0.176 
0.17s 

O.IOO 
O.IOI 

0.17s 
0.173 

0.131 
0.129 

0.133 
0.135 

Effect  of  Frcsli  Thyroid  Extract  upon  Blood  Glycolysis. 

The  results  of  experimental  work  upon  the  relation  of  the  thyroid 
secretion  to  carbohydrate  metabolism  are  somewhat  conflicting. 
Macleod'^  after  reviewing  the  work  that  has  been  done  concludes 
that  the  thyroid  glands,  in  so  far  as  carbohydrate  metabolism  is 
concerned,  have  no  direct  influence  whatever.  The  results  which 
some  observers"  have  obtained,  tending  to  show  that  the  thyroid  fur- 
nishes a  substance  which  lowers  the  assimilation  limit  for  dextrose, 
he  ascribes  to  parathyroid  effect. 

Clinical  observations  on  the  blood  sugar,  glycosuria,  and  dextrose 
assimilation  limit  in  cases  of  hyperthyroidism  and  hypothyroidism 

^  Macleod,  Diabetes,  London,  1913,  104. 

"Eppinger.  H.,  Falta,  W.,  and  Rudinger,  C,  IVicn.  klin.  Wchnschr.,  1908,  xxi, 
241  ;  Ztschr.  f.  klin.  Med.,  1908,  Ixvi,  l ;  1909.  Ixvii,  380. 
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seem  to  indicate,  however,  that  tlie  gland  does  have  some  effect  upon 
carbohydrate  metabohsm.  ^^'hen  the  thyroid  is  supplying  the  blood 
with  abnormally  large  quantities  of  its  secretion,  the  blood  sugar 
rises,  glycosuria  often  appears,  and  the  dextrose  assimilation  limit 
is  lowered.  The  reverse  is  the  case  in  myxedema.  If  the  thyroid 
secretion  could  be  shown  to  contain  an  antiferment  it  might  act 
simply  by  preventing  the  sugar-splitting  ferments  of  the  blood  and 
tissues  from  oxidizing  the  carbohydrate.  This  would  result  in 
hyperglycemia,  glycosuria,  and  lowered  tolerance  for  glucose.  The 
following  four  experiments  were  done  to  determine  whether  such 
an  antiferment  could  i^e  extracted  from  the  gland. 

Tliyroid  extract  was  prepared  by  extirpating  tlie  entire  gland  of  a  dog,  and 
grinding  it  up  in  a  sterile  mortar  with  sterile  normal  salt  solution  or  sterile 
Ringer  solution,  care  being  taken  to  exclude  the  parathyroids  in  so  far  as  possi- 
ble. The  amount  of  extract  used,  whether  5  or  10  cc,  represented  one  entire 
gland.  The  extract  was  added  to  the  blood  taken  from  another  animal  and  the 
mixture  incubated.  Controls  with  the  amounts  of  Ringer  solution  or  saline 
used  in  the  extract  were  incubated  at  the  same  time.  For  comparison  one  por- 
tion of  untreated  blood  was  incubated  for  the  same  period.  The  results  are 
shown  in  Table  IV. 

TABLE  IV. 


Experi- 
ment. 


IX 


XI 


XII 


Glucose 
'  before  in- 
cubation. 


Mixtures  incubated. 


per  cent 


0.173 


O.T75 


0.152 


Duration  off       B'°°') 
incubation,    f"?^'  '^f^" 
incubation. 


f  Blood  20  cc.  -f  10  cc.  fresh  thyroid  extract 

■       Ringer  solution 

untreated 

"       "  "    -|-  5  cc.  fresh  thyroid  extract 

"   "     "   "   "    Ringer  solution 
untreated 

-|-  5  cc.  fre.sh  thyroid  extract 

Ringer  solution 

untreated 

"  "    -|-  ,i  cc.  fresh  thyroid  extract 

0.9  per  cent  sodium 

chloride 
Blood  20  cc.  untreated 


hrs. 
3 
3 
3 

3M 

2H 


per  cent 
0.060 
0.054 
0.080 

0.096 
0.106 
0.119 

0.132 
0.138 


Percen- 
tile gly- 
colysis. 


2M 

O.I4S 

3 

0.094 

3 

0.088 

3 

0.103 

39-7 
44.8 
18.4 

44-S 
38.7 
3I.I 

24.6 
21. 1 


38.1 

42.1 
32.2 


From  these  results  one  cannot  conclude  that  the  thyroid  secretion 
contains  any  substance  which  materially  affects  the  rate  of  glycolysis 
in  vitvo.     In  each  case  there  is  apparently  some  acceleration  of 
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glycolysis  both  in  the  flask  containing-  the  extract  and  in  the  flask 
containing  the  Ringer  or  physiological  salt  solution.  In  Experiment 
IX  the  acceleration  is  well  marked,  in  the  others,  slight.  Possibly 
this  is  due  simply  to  the  dilution,  because  in  the  experiment  in 
which  the  glycolysis  was  most  marked  the  dilution  was  greatest. 
The  experiments  do  not,  of  course,  settle  the  question  of  whether 
or  not  the  thyroid  gland  furnishes  an  anti  ferment  which  inhibits 
glycolysis;  it  is  possible  that  the  gland  contains  such  a  substance 
but  that  it  is  not  extracted  by  the  methods  used.  To  the  extent, 
howe\'er,  that  the  conditions  of  glycolysis  in  vitro  are  similar  to 
glj'colysis  in  circulating  blood,  they  furnish  an  argument  against 
the  hypothesis  that  the  thyroid  gland  affects  carbohydrate  metabol- 
ism by  inhibiting  ferment  action. 

Effect  of  Adrenalin  on  Blood  Glycol\sis. 

Blum.^"  fourteen  years  ago,  showed  that  subcutaneous  or  intrave- 
nous administration  of  adrenal  extract  causes  glycosuria.  Since 
then  this  work  has  been  abundantly  confirmed,  and  it  has  been 
shown  that  adrenalin  regularly  caMses  a  hyperglycemia.  Experi- 
ments of  Pollak"  showed  that  adrenalin  produces  glycosuria  even 
after  the  resection  (jf  the  splanchnic  ner\e,  while  the  work  of  Claude 
Bernard'"  and  Eckhard  demonstrated  that,  after  such  resection, 
puncture  of  the  floor  of  the  fourth  ventricle  is  not  followed  by  gly- 
cosuria. The  adrenalin  is,  therefore,  thought  to  act  by  stimulating 
the  peripheral  sympathetic  nerve  endings  in  the  li\er.  Moreover, 
it  causes  the  hyperglycemia  even  in  animals  whose  livers  have  been 
rendered  glycogen- free  by  starvation.  This  is  thought  to  be  due  to 
the  production  of  sugar  from  protein.  Despite  these  explanations 
of  the  action  of  adrenalin  in  the  production  of  hyperglycemia  and 
glycosuria,  it  seemed  to  be  worth  while  to  determine  whether  or  not 
the  adrenal  secretions  contain  a  substance  acting  as  an  antiferment. 
With  this  possibility  in  mind  the  following  experiments  were  done. 

i"  Blum,  F..  Dcutsch.  Arch.  f.  kiln.  Med.,  1901.  Ixxi,  146. 
"  Pollak,  L.,  Arch.  f.  exper.  Path.  u.  PharmakoL,  1909,  Ixi,  149. 
12  Bernard,  C,  Lemons  sur  la  physiologie  et  la  pathologie  du  systcnie  nerveux, 
Paris.  1858. 
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Parke,  Davis  and  Co.  adrenalin  was  used.  Quantities  varying  from  I  to  S  cc. 
were  added  to  20  cc.  portions  of  blood  and  the  mixtures  incubated  for  varying 
periods.  The  sugar  content  of  the  blood  was  determined  immediately  after 
drawing  the  blood,  and  in  the  incubated  portions  immediately  after  the  expira- 
tion of  the  period  of  incubation.  A  portion  of  untreated  blood  was  also  incu- 
bated for  comparison.     The  results  are  shown  in  Table  V. 

TABLE  V. 


Experiment 
No. 

Adrenalin 
1:1.000. 

Glucose 
before  incu- 
bation. 

Duration  of 
incubation 
at  38°  C. 

Glucose 
after  incu- 
bation. 

Percentile 
glycolysis. 

Glucose  in 
untreated 
blood  after 
incubation. 

Percentile 

glycolysis 

in  untreated 

blood. 

CC. 

per  cent 

hrs. 

per  cent 

per  cent 

IX 

5 

0.098 

3 

0.039 

60.2 

0.080 

1S.3 

X 

5 

0.173 

3M 

0.102 

41.0 

0.119 

311 

XI 

5 

0.175 

2^ 

0.150 

14.2 

0.I4S 

17. 1 

XIII 

5 

0.152 

3 

0.064 

57-8 

0.103 

32.2 

XIV 

I 

o.ioo 

2H 

0.049 

510 

0.037 

63.0 

XIV 

2 

O.IOO 

2H 

0.043 

57-0 

0.037 

63.0 

XIV 

3 

O.IOO 

2]4 

0.044 

56.0 

0.037 

63.0 

XV 

2 

0.174 

5 

0.124 

28.8 

0.120 

310 

In  Experiments  IX  and  XIII  the  blood  with  added  adrenahn 
showed  a  definite  acceleration  of  glycolysis  as  compared  with  the 
untreated  blood.  In  Experiment  IX  about  three  times  as  much  re- 
ducing substance  disappeared  from  the  adrenalin  blood  as  from  the 
untreated  blood,  in  Experiment  XIII  a  little  less  than  twice  as  much. 
In  the  other  experiments  the  differenc-e  in  the  percentile  glycolysis 
between  the  treated  and  the  untreated  blood  was  so  slight  as  to  be 
almost  within  the  limits  of  experimental  error. 

The  results  are  so  irregular  that  one  is  not  justified  in  concluding 
that  adrenalin  contains  any  substance  which  either  accelerates  or 
inhibits  blood  glycolysis.  The  explanation  of  the  apparent  accelera- 
tion in  two  experiments  is  not  clear. 


Effect  of  Phlorliizin  on  Blood  Glycolysis. 

It  is  believed  that  the  glycosuria  after  administration  of  phlo- 
rhizin*^  results  from  the  power  of  phlorhizin  to  render  the  kidney 
more  permeable  to  sugar  in  the  blood,  thus  lowering  the  thresh- 
old for  sugar  excretion.  There  is  usually  a  hypoglycemia.  Be- 
yond the  fact  that  phlorhizin  renders  the  kidney  more  permeable  to 

1^  For  a  full  discussion  and  complete  bibliography  of  phlorhizin.  see  Lusk,  G., 
Ergebn.  d.  Physiol.,  1912,  xii,  315. 
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glucose,  little  is  known  of  its  action.     The  possibility  of  its  acting  as 
an  antiferment  suggested  itself. 

Plilorhiziii  in  varying  amounts  was  dissolved  in  sodium  bicarbonate  solution, 
warm  Ringer  solution,  and  blood  serum,  and  tben  added  to  blood  which  was 
incubated  for  varying  periods.  Dry  phlorhizin  also  was  added  to  blood  in  one 
experiment.  The  amount  of  reducing  substance  lost  during  the  incubation  of 
these  mi.xtures  was  compared  with  the  loss  of  reducing  substance  from  an  un- 
treated portion  of  the  same  blood  taken  at  the  same  time  and  incubated  for  the 
same  period.     The  results  are  shown  in  Table  VI. 

TABLE  VI. 


Dura- 

Glucose 

^Percen 

Experi- 

Glucose 

tion  of 

Glucose 

Percen- 

in un- 

ile gly- 

ment 

Phlorhi- 

Solvent. 

'  before 

incuba- 

after in- 

tile gly- 

treated 

colysis 

No. 

zin. 

incuba- 
tion. 

tion  at 

38°  c. 

cubation. 

colysis. 

blood 
after  in- 

in un- 
treated 

cubation! 

blood. 

mg. 

per  cent 

Hrs. 

per  cent 

per  cent 

Ill 

20 

I  cc.  2  per  cent  sodium  bi- 
carbonate 

0.102 

2 

0.077 

24-5 

0.0S3 

18.6 

IV 

100 

5  cc.  2  per  cent  sodium  bi- 
carbonate 

0.152 

3 

0.103 

32.2 

0.93 

38.8 

V 

100 

5  cc.  2  per  cent  sodium  bi- 
carbonate 

0.151 

3 

0.107 

29.1 

0.102 

32-4 

VIII 

lOp 

5  cc.  2  per  cent  sodium  bi- 
carbonate 

0.144 

2H 

0.095 

34-2 

0.126 

12.5 

IX 

so 

5  cc.  Ringer  .solution 

0.098 

3 

0.162 

39-6 

0.80 

18.3 

X 

50 

5   " 

0.174 

2M 

0.132 

24.7 

0.119 

31-2 

XIII* 

6o 

10  cc.  serum 

0.152 

3 

0.185 

26.5 

0.103 

32.2 

XV 

100 

Dry 

0.174 

5 

0.142 

18.4 

0.120 

31.0 

XV 

50 

5  cc.  Ringer  solution 

0.174 

5 

0.109 

370 

0.120 

31.0 

*  In  this  experiment  deduction  was  made  for  the  amount  of  sugar  contained 
in  the  10  cc.  of  serum  used  to  dissolve  the  phlorhizin.  The  phlorhizin  was  partly 
in  solution  and  partly  in  suspension. 


In  six  of  the  nine  experiments  the  difference  in  the  percentile 
glycolysis  between  the  phlorhizin  and  the  untreated  blood  was  not 
more  than  7  per  cent.  This  difference  is  too  slight  to  justify  an 
inference  that  the  phlorhizin  afifected  the  rate  of  glycolysis.  In 
Experiment  VIII  there  was  apparently  an  acceleration  of  the  gly- 
colytic process;  in  Experiment  X\^  apparently  a  retardation;  in 
Experiment  IX  instead  of  a  loss  during  the  period  of  incubation 
there  was  an  increase  of  39  per  cent  in  the  amount  of  reducing 
substance.  I  cannot  give  any  satisfactory  explanation  for  this. 
From  these  results  one  cannot  conclude  that  phlorhizin  has  any 
effect  u])on  the  rate  of  glycolysis. 
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COXCLUSIONS. 

1.  Blood  glycolysis  in  zitro  during  a  period  of  three  hours'  incu- 
bation proceeds  at  practically  the  same  rate  under  sterile  conditions 
and  when  no  effort  is  made  to  prevent  contamination. 

2.  Fresh  thyroid  extract,  adrenalin,  and  phlorhizin  do  not  con- 
tain any  substances  which  ha\'e  a  constant  effect  upon  the  rate  of 
blood  glycolysis  outside  of  the  body.  No  evidence  of  the  presence 
of  an  antiferment  was  found. 

It  is  a  great  pleasure  to  express  ray  indebtedness  to  Professor 
\\'.  G.  MacCallum,  under  whose  direction  this  work  was  done. 
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ON  LIGATION  OF  SPLENIC  VESSELS  AS  A  SUBSTITUTE  FOR 
SPLENECTOMY  IN  BLOOD  DISEASES* 

Also  A   CONTRIBUTION    TO    THE   PATHOLOGY  OF  THB   INFABOTa  OP  THB    8PLESN 

By  Abraham  Teoell,  M.D. 

DOCENT  OP  SDBGEBT,  BTOCKHOUI.  SWEDEN 

(From   the   Department   of   Pathology,   College   of   Physicians   and    Surgeons, 
Columbia  University,  New  York) 

The  removal  of  the  spleen — an  operation  which  is  said  to  have 
been  already  performed  during  the  Middle  Ages  (Carstens")  and 
which  nowadays  without  question  plays  the  most  important  role  in 
splenic  surgery — has  in  the  last  few  years  been  gaining  a  great  deal 
as  far  as  its  indications  are  concerned.  For,  according  to  the  experi- 
ence of  unquestioned  authorities,  it  has  given  favorable  results  in  certain 
blood  diseases,  particularly  morbus  Banti  and  pernicious  anjemia. 
Banti  himself  as  well  as  others"  gives  reports  of  cases  of  the  former 
disease  which,  operated  on  in  an  early  stage,  have  completely  recovered 
and  have  been  doing  quite  well  as  long  as  four  years  after  the  splenec- 
tomy. As  to  the  pernicious  anaemia  certainly  a  perfect  health  has  not 
yet  been  established  in  any  case  in  regard  either  to  the  general  con- 
dition or  to  the  blood  picture  of  the  patient,  but  an  improvement  has 
been  noted,  in  some  instances  so  direct  and  striking  that  it  could  hardly 
be  due  merely  to  one  of  the  ordinary  fluctuations  in  the  run  of  this 
disease."  Furthermore  it  has  been  shown,  both  by  experiments  and 
through  clinical  experience,  that,  from  a  physiological  point  of  view, 
the  spleen  is  not  an  absolute  necessity  for  the  organism.  As  far  back 
as  1841  Bardeleben  ^'  found  this  to  be  true  in  animals,  and  numerous 
observations  made  upon  patients  who  have  undergone  splenectomy 
have  shown  them  to  be  in  good  health  many  years  after,  Adelmann's  ^' 
case,  for  instance,  23  years.  Thus  there  is  no  doubt  that  the  operation 
as  a  matter  of  principle  is  justifiable. 

*  These  investigations  were  carried  out  in  the  laboratory  of  Dr.  W.  G.  Mac- 
Callum  (Professor  of  Pathology,  College  of  Physicians  and  Surgeons,  Columbia 
University,  New  York)  during  the  winter  semester  1914-1915,  and  I  am  very 
much  indebted  to  him,  not  only  because  he  has  granted  me  a  place  in  his  labora- 
tory, but  also  for  the  great  interest  he  has  always  shown  in  my  work  during  this 
time  and  through  which  he  in  every  way  made  it  possible  for  me  to  undertake  it 
and  bring  it  to  an  end. 

"Moynihan  and  Upcott,  Michelsson,  K.  Ziegler,  Poppert,  Dahl,  Stapelmohr, 
Roblee,  MofiStt,  Rystedt,  etc. 
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However,  it  involves  a  considerable  immediate  risk.  Every  one 
who  has  had  to  operate  upon  individuals  greatly  debilitated  by  blood 
diseases,  as  well  as  he  who  on  account  of  such  a  condition  has  refrained 
from  operating,  is  aware  of  this.  Splenectomy  is  particularly  dan- 
gerous where  adhesions  from  perisplenitis  increase  the  difficulty  in 
removing  the  organ  (if  not  making  it  altogether  impossible)  and  in- 
crease the  chances  for  fatal  bleeding."  In  the  33  cases  of  splenectomy 
for  pernicious  ansemia  that  Moffitt  has  recently  collected  and  published 
8  fatalities  had  happened  in  direct  connections  with  the  operation.  In 
Banti's  disease  the  operative  mortality  is  estimated  at  50  per  cent. 
(K.  Ziegler).  Indeed,  the  real  mortality  for  all  operations  performed 
in  these  diseases  is  not  small. 

With  this  fact  in  view  the  thought  has  occurred  to  me  that  it  might 
be  possible  to  get  similar  results  or  at  least  nearly  similar  results  for 
these  patients  through  a  simpler  and  less  dangerous  operation  than 
splenectomy.  I  mean  by  ligation  of  a  larger  or  smaller  number  of 
splenic  vessels.  Since  in  morbus  Banti  and  pernicious  anaemia  a  com- 
plete elimination  of  the  function  of  the  spleen  has  a  favorable  effect 
upon  the  organism,  then  a  partial  lessening  of  its  function  ought  to 
affect  the  metabolism  beneficially  too.  For  a  long  time,  and  for  good 
reasons,  we  have  accepted  an  analogous  way  of  thinking  in  regard  to 
another  ductless  gland,  viz.,  the  thyroid,  in  its  relation  to  Graves's 
disease.  Such  a  clinician  as  Halsted,  whose  experience  and  critical  way 
of  thinking  are  well  known,  speaks  in  favor  of  this  operation.  And  on 
the  whole  the  clinical  experience  has  proven  this  unmistakable,  even 
though  there  has  been  a  theoretical  doubt  as  to  the  effectiveness  of  the 
operation  because  of  the  great  number  of  anastomosing  vessels,  giving 
a  very  rich  vascular  distribution  to  the  gland." 

I  have  searched  through  the  literature  for  notes  on  the  ligation  of  splenic 
vessels  for  the  purpose  mentioned  above.  The  idea  of  this  operation  seems  in 
fact  so  natural,  that  its  earlier  origin  in  the  minds  of  others  is  not  at  all  sur- 
prising. On  the  contrary,  it  is  strange  that  it  has  not  as  yet  led  to  the  thorough 
investigation  of  its  presumptive  value. 

In  the  chapter  on  "  Surgery  of  the  Spleen  "  in  the  large  surgical  text-book  of 
Keen,  Moynihan  and  Upcott  make  the  following  statement  concerning  partial 
ligation  of  the  hilum  of  the  spleen :  "  It  has  been  shown  experimentally  that  re- 
duction of  the  blood-supply  by  ligation  of  some  of  the  arterial  branches  enter- 
ing the  spleen  results  in  atrophy  of  the  organ,  and  as  long  as  veins  are  left  intact 
necrosis  will  not  occur."     However,  I  have  not  been  able  to  get  any  further 

*C/r.  Fischer,  Roblee  and  others. 

'  Vid.  for  instance,  Landstrom :  Morbus  Basedowii,  Nord.  med.  arkiv.,  i, 
1907. 
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information  as  to  tliis  investigation  as  no  one  of  the  papers  referred  to  by  them 
contains  the  original  statement  and  they  do  not  give  reference  to  authority.  Most 
of  the  other  accounts  in  the  literature  concern  the  ligation  of  all  splenic  vessels. 
In  order  to  find  a  method  of  operation  in  traumatic  splenic  bleedings — ruptures, 
gunshot  wounds,  etc. — Girgolaw  and  Sheldon  ligated  the  whole  hilum  of  the 
spleen  in  dogs,  a  method  first  advanced  by  Jonnesco."  Both  undertook  the 
operation  on  three  dogs,  all  of  which  died  from  intoxication  by  the  decomposi- 
tion-products of  the  spleen.  To  prevent  this,  Sheldon  has  followed  Pirone's " 
suggestion  and  sewed  up  the  large  omentum  all  around  the  spleen,  thus  hoping 
to  get  a  new  blood-supply  to  the  organ.  Nevertheless,  the  animals  died  after  12 
to  48  hours,  and  at  the  autopsy  the  spleen  was  found  necrotic  throughout.  The 
statements  of  Long  and  Lanz  are  based  upon  clinical  experience,  each  one  re- 
porting a  case  of  ligation  of  the  splenic  artery  in  "  fixed  floating  spleen."  In 
such  a  disease,  not  menacing  the  life  of  the  patient,  Lanz  advises  "in  compli- 
cated cases,"  instead  of  splenectomy,  that  ligation  of  the  splenic  artery  be  per- 
formed as  it  is  less  dangerous  but  equally  effective.  In  his  case,  he  claims  to 
have  found  clinically,  half  a  year  after  the  operation,  a  "  complete  disappear- 
ance" of  the  spleen  (  ?).  He  ends  his  paper  as  follows :  "If,  in  a  case  of  pernicious 
anaemia,  the  chances  should  be  in  one  way  or  another  unsafe  as  to  splenectomy, 
then^according  to  my  experience — the  ligation  of  the  splenic  artery  might  be 
recommended."  Finally,  Foa  gives  a  quite  opposite  suggestion.  Starting  from 
the  fact  that  he  has  seen  experimental  tuberculosis  in  the  liver  of  guinea- 
pigs  cured  after  tying  the  splenic  vein,  which  organ  at  the  same  time  atrophied, 
he  thinks  it  might  be  well  to  ligate  the  splenic  vein  in  those  cases  of  Banti's  dis- 
ease in  which  the  spleen  is  not  removable.'' 

The  suggestion  of  ligating  a  part  of  the  splenic  vessels  in  order 
to  produce  a  reduction  in  the  functions  of  the  organ  leads  at  first  to 
the  following  questions : 

How  will  the  organ  be  affected  anatomically?  and  what  will  be  the 
result  on  the  function  of  the  spleen? 

I  have  tried  to  get  information  on  these  subjects  by  experiments  on 
animals.  Having  ligated  one  or  more  vessels  in  the  splenic  hilum,  I 
have  kept  the  animals  alive  a  longer  or  shorter  period,  after  which, 
through  another  laparotomy,  I  have  controlled  the  anatomical  elifect. 
I  have  given  particular  attention  to  the  presence  or  absence  of  infarcts 
in  the  spleen  and  to  signs  of  post-operative  infection.  As  far  as  the 
physiological  side  of  the  subject  is  concerned,  I  intended  from  the  be- 
ginning to  get  light  on  it  by  counting  the  blood-corpuscles  before  the 
operation  as  well  as  a  couple  of  weeks  afterwards,  both  in  the  afferent 
and  efferent  splenic  vessels  and  in  a  vein  in  some  other  part  of  the  body 

''According  to  Michelsson,  ligation  of  the  splenic  vessels  in  fixed  malaria- 
spleen  has  been  suggested  by  Clement-Lucas  and  carried  out  by  Meierowitsch 
(and  Wyman?).  Michelsson — who  does  not  give  the  exact  reference  for  any 
of  these  authors — does  not  think  this  operation  to  be  preferable  to  splenectomy 
in  malarial  spleen. 
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(the  ear).  The  difference  between  the  number  of  blood-cells  in  the 
vein  and  in  the  artery  of  the  spleen  ought,  if  the  spleen  plays  any  role 
in  regulating  the  quantity  of  blood-cells  in  the  general  circulation,  to 
differ  in  these  two  instances,  and  from  that  difference  I  expected  to  be 
able  to  judge  whether  the  function  of  the  spleen  has  been  retarded  or  not. 
Yet  I  may  at  once  admit  that  my  chances  in  this  respect  were  not  very 
great  as  to  a  positive  result,  since  the  investigations  so  far  made  on  the 
functions  of  the  spleen  have  led  to  contradictory  conclusions.  There 
has  been  attributed  to  the  spleen,  among  other  things,  a  role  of  for- 
mation of  blood-cells  as  well  as  one  of  destruction  of  them.  Qinicians 
to-day  generally  hold  that  the  spleen,  as  far  as  the  blood  is  concerned, 
has  to  destroy  old,  useless  erj-throcytes  and  to  regulate  the  throwing 
into  the  circulation  of  new  elements  from  the  bone-marrow  and  other 
blood-forming  organs.*  There  are,  however,  even  recent  investigations 
(Morris)  which  are  in  favor  of  the  theory  that  the  spleen  in  adults,  too, 
is  a  blood-forming  organ. 

There  is  one  more  detail  in  the  arrangement  of  my  investigations  to 
be  mentioned.  For,  in  case  of  success  in  my  attempt  to  produce  what  I 
in  the  first  place  expected,  an  infarct,  I  had  to  take  into  consideration 
a  fairly  important  point.  Against  the  use  of  such  an  operation  on 
human  beings  the  objection  could  be  made  that  the  production  of  a 
large  necrotic  piece  of  tissue  in  the  abdominal  cavity  might  mean  a 
great  risk  of  secondary  infection.  Realizing  this,  I  infected  three 
of  the  animals  with  ligated  splenic  vessels  through  the  intravenous 
injection  of  staphylococci  or  coli  bacilli  one  to  one  and  a  half  weeks 
after  the  primary  operation. 

On  account  of  space  I  do  not  give  here  a  detailed  report  of  my  ex- 
periments (these  will  soon  appear  in  a  paper  in  the  Swedish  journal, 
Svenska  Idkaresallskapets  handlinger).  However,  I  wish  to  make  a 
few  technical  remarks.  Before  the  operation  I  made  a  blood  test 
from  the  ear  vein  of  the  animal  and  counted  the  number  of  blood- 
cells.  All  the  operations  were  performed  under  ether  (between  lo 
A.M.  and  2  P.M.,  the  animals  were  fed  at  5  p.m.  ;  thus  a  possible  leu- 
cocytosis  of  digestion  should  have  played  about  as  little  role  in  one 
case  as  in  another).  The  spleen  was  exposed  by  an  incision  parallel 
to  and  just  below  the  costal  margin.  Through  a  slight  pulling  on 
the  stomach  wall  the  spleen  was  brought  outside  the  abdominal  wound 
and  then  protected  with  warm  saline  cloths.  As  much  care  as  possible 
was  taken  to  avoid  direct  handling  and  squeezing  of  the  spleen  as  well 

'See  Johnston,  Pearce  (and  collaborators),  Thevenot,  Hedenius,  MofStt, 
Dahl,  A.  Meyer  (thorough  paper  on  the  relation  of  the  spleen  to  the  metabolism). 
King,  Roblee  and  others. 
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as  pulling  and  traction  upon  its  vessels ;  this  in  order  to  exclude  error 
in  the  blood-counts.  After  having  located  the  topography  of  the  ves- 
sels, I  first  punctured  a  vein  and  then  an  artery  with  a  fine  suture 
needle.  From  each  vessel  I  took  blood  in  a  pipette  for  white  and  red 
blood-cells  and  mixed  as  usual  with  Hayem's  solution  and  V3  P^r  cent, 
acetic  acid.  At  my  first  operations  I  also  made  smears  for  differential 
counts  of  the  white  blood-cells  (Giemsa  stain).  Finally,  the  number  of 
vessels  I  wanted  to  ligate  were  tied  with  a  linen  thread,  the  spleen  was 
replaced  in  the  abdomen,  the  wound  closed  and  the  animal  left  to  recover. 
All  counts  of  the  blood-cells  were  made  by  myself,  using  a  Thoma- 
Zeiss  apparatus ;  100  squares  for  the  red  cells ;  the  whole  chamber  for 
the  white  being  counted. 

The  operations  were  so  far  successful  that  peritonitis  never  occurred. 
Healing  followed  without  any  trouble,  the  animals  recovered  very  soon 
after  the  operation  and,  with  some  few  exceptions,  seemed  to  do  very 
well. 

I  performed  in  the  beginning  a  series  of  operations  on  12  animals. 
From  I  to  5  each  of  the  arteries  and  veins  in  the  splenic  hilum  were 
tied,  always  as  many  afferent  vessels  as  efferent  ones,  and  in  that  way, 
as  a  rule,  at  least  one  artery  and  one  vein  were  left  untouched ;  with 
the  exception  of  one  of  the  guinea-pigs  where  all  of  the  vessels  at  the 
hilum  of  the  spleen  were  tied. 

The  anatomical  effect  in  the  large  animals  (eight  dogs  and  one  cat) 
of  this  series  was  negative,  so  far  as  I  could  judge,  in  six  instances  but 
positive  in  three.  Every  one  of  the  three  guinea-pigs  showed  marked 
changes  in  their  spleens. 

In  the  six  animals  first  mentioned  I  could  not  find  any  evident  abnor- 
mality in  the  splenic  tissue  at  the  autopsies  undertaken,  13  days  to  2j^ 
months  after  the  operation.  This  was  the  fact  even  in  those  two  cases 
(Nos.  2  and  6)  which,  having  been  quite  well  up  to  the  time  of  death, 
died  spontaneously  three  weeks  after  the  operation.  One  dog  (No.  8), 
however,  showed,  10  minutes  after  the  ligation,  multiple  infarction  of 
the  periphery  of  the  spleen  in  an  early  stage  (Fig.  5)  ;  one  cat  (No.  9) 
after  five  hours,  showed  a  diffuse  infarction  of  the  organ ;  and  another 
dog  (No.  5)  after  13  days,  showed  a  small  hemorrhagic  infarct  in  the 
upper  part  of  the  spleen. 

As  to  the  guinea-pigs,  the  effect  was  more  noticeable.  The  size  of 
the  spleen  in  each  case  was  greatly  reduced,  in  proportion  to  the  num- 
ber of  vessels  ligated.  Thus  the  animal  in  which  two  arteries  and  two 
veins  were  left  untouched  at  the  operation,  showed,  13/2  months  later, 
a  spleen  somewhat  larger  than  that  in  which  just  one  artery  and  one 
vein  had  been  left;  while  in  the  guinea-pig  with  its  whole  hilum  tied, 
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the  spleen  was  smallest.  Yet  in  these  three  animals  there  was  a  general 
reduction  of  the  organ  without  any  visible  signs  of  infarction. 

Thus  the  results  of  this  series  of  operations  in  a  way  were  not  very 
encouraging  in  view  of  what  was  expected.  Particularly  striking  was 
the  fact  that  infarction  in  so  many  cases  did  not  occur,  though  I  some- 
times ligated  as  many  as  4  out  of  5  large  arteries  and  veins,  and  although 
I  always  found  my  ligatures  all  right  at  the  autopsy.  It  is  to  be 
regretted  that  at  these  first  operations  I  had  not  taken  an  exact  measure- 
ment of  the  spleen  and  thus  could  not  later  on  tell  whether  the  size 
of  the  spleen  in  the  larger  animals  had  been  reduced  after  the  ligation 
of  the  vessels.  In  the  guinea-pigs  this  was  an  easy  matter,  as  the 
decrease  was  so  marked. 

Evidently,  the  cause  of  the  non-infarction  should  be  found  in  the 
anatomical  arrangement  of  the  vessels.  And  yet  at  first,  I  was  unable 
to  detemiine  exactly  how,  due  largely  to  the  fact  that  the  distinguishing 
of  the  diiYerent  parts  in  the  gastrosplenic  ligament  (which  in  dogs 
is  very  broad)  had  mostly  become  rather  difficult  because  of  adhesions 
and  kinking  after  the  ligation.  The  fact  was  made  clear,  however, 
through  one  of  the  animals  last  killed  (Case  i ).  In  this  specimen  it  was 
easily  seen  that  distal  to  the  place  of  ligation  (Fig.  i) — which  is  indi- 
cated on  the  photograph  by  a  pin  through  a  paper  cross — there  was  a 
transverse,  broad  vascular  anastomosis,  establishing  a  communication 
between  the  periphery  of  the  tied  vessel  and  the  non-ligated  vessel  near- 
est to  it.  (This  was  found  in  the  artery  as  well  as  in  the  vein,  though 
the  figure  shows  only  the  vein  which  afterwards  was  filled  with  a 
5  per  cent,  collargol  solution  in  order  to  render  it  more  visible ;  for  the 
same  purpose  a  small  piece  of  paper  was  placed  under  it).  The  main 
reason  for  ligating  the  splenic  vessels  at  a  point  situated  so  proximally 
in  the  hilum  was  a  technical  one.  With  the  intention  of  doing  a  blood 
count  from  vein  and  artery,  I  wished  as  much  as  possible  to  avoid 
handling  and  squeezing  the  vessels  which  I  was  going  to  puncture  and 
then  ligate;  otherwise  a  disturbance  might  easily  have  been  brought 
about  in  the  physiological  differences  which  I  figured  to  exist  in  the 
amount  of  blood-cells  in  the  artery  and  the  vein.  Thus  I  chose  proxi- 
mal places  because  the  technic  became  simpler  in  that  way — yet  the 
vascular  lumina  not  even  here  being  very  great  on  the  animals  oper- 
ated on. 

When  I  started  operating  upon  my  first  series  of  animals,  I  under- 
took it  with  the  idea  in  mind  which  has  been  found  in  anatomical  text- 
books for  a  long  time  {e.g.,  Henle)  and  according  to  which  the  arteries 
of  the  spleen  do  not  communicate  with  each  other,  either  before  enter- 
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Figs.  3  and  4. — From  dog  and  man  respectively.  Showing  the  rich  supply  of  transverse  com- 
munication between  the  vessels  of  the  spleen  hilum;  the  anastomoses  are  located  quite  close  to  the 
concavity  of  the  spleen. 


Fig.  7. — Case  XX.  Four  and  one-half  weeks  old  infarcts,  extended  over  the  entire  cross- 
section  of  the  spleen.  Case  XVI.  Spleen  with  its  upper  pole  reduced  to  a  pale  shrunken  infarct, 
6  mm.  long  and  3  mm.  deep;  four  and  one-half  weeks  old. 
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Fig.   8. — Case  \'iii.      I  ::<  ...,■,....■       -,.....,  - .  through  an 

enormous   over-supply    of  _  red   MuLni-iMrpusck-s    the  spleen  (.ells    are  maJt   niu:i.    .utenuated  than 
usual,  the  malpighian  bodies,  as  well  as  the  trabeculse.  showing  no  visible  changes. 
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Fig  Q. — Case-'."'."  :■]■  .i^   I'l'  ■;.::■  ■  .1  I -nc-balf  wi.k-iiM  i  nfarct.  being  in 

the  state  of  organi.-    *■■■  ■...-    inil.ti'   ,i  (  -  :"  ,  ■.   rt.--il;s'>r]iti..tn   ha\-i'   ni'gun.     A  part  of 

the  infarct  remains  in  the  shape  of  a  central,  hyaline,  eosinophilic  mass,  at  the  periphery  of  which 
there  is  a  reaction  zone  rich  in  cells  and  pigment. 


Fig.  10. — Case  XVIII.  Thehistolof;iral  appearance  ^f  a  fdur  and  ■-ne-half  weeks  old.  organized 
infarct,  consisting  only  of  connective  tissue  rich  in  vessels,  and  to  a  great  extent,  sclerotic,  contain- 
ing pigment,  intracellularly  and  extracellularly. 
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ing  the  organ  or  after  {cf.  Fig.  2,  from  Gray).  I  had  no  idea  of  the 
fact  that  anastomosing  branches  which  exist  between  the  splenic  and 
the  gastro-epiploic  vessels  could  be  so  extensive  as  it  afterwards 
appeared  from  the  real  effects  of  my  ligations  and  as  it  was  indicated 
from  the  findings  in  Case  i.  Having  stated  this,  however,  I  naturally 
felt  very  anxious  to  get  reliable  information  on  this  point.  Therefore 
I  injected  colored  gelatine  solution  into  the  splenic  arteries  of  fresh 
autopsy  material,  from  dog  as  well  as  from  man — stomach,  spleen  and 
pancreas  being  dissected  out  together.'  There  is  no  need  of  many 
words  to  emphasize  how  clearly  the  pictures  (Figs.  3  and  4)  bring  out 
the  rich  supply  of  transverse  communication  between  the  vessels  of 
the  spleen  hilum.  The  first  photograph  refers  to  the  spleen  of  a  normal 
dog,  the  second  to  that  of  a  child  one  year  old  (the  picture  here  seen 
was  the  same  in  principle  in  the  other  two  human  spleens  which  I 
examined  for  the  same  purpose).  In  the  two  cases  shown  in  Figs. 
3  and  4  the  injection  was  performed  at  the  point  shown  by  the  pin. 
After  the  injection,  in  order  to  show  the  details,  all  the  veins  as  well 
as  the  peritoneal  sheaths  were  dissected  off.  For  the  fixation  5  per 
cent,  formalin  was  used.  The  specimens  show,  on  the  one  hand,  the 
presence  not  only  of  slight  connections  but  also  of  very  zvide  and  sturdy 
transverse  communicating  branches  hetzveen  the  various  vessels  in  the 
splenic  hilum.  And,  on  the  other  hand,  they  present  evidence  that  for 
the  most  part,  these  transverse  anastomoses  are  located  quite  close  to 
the  concavity  of  the  spleen.  I  have  in  many  cases  found  them  to  be 
so  <listributed  that  one  might  reasonably  speak  of  a  marginal  artery 
and  vein,  which  is  in  communication  with  the  spleen  through  short 
branches.  In  view  of  such  a  supply  of  vessels  it  is  evident  that,  even 
without  attaining  an  immediate  and  complete  stoppage  of  the  circulation, 
such  as  would  be  a  necessary  condition  for  infarction,  it  is  quite  pos- 
sible to  ligate  several  arterial  branches,  particularly  by  doing  so  at  a 
sufficient  distance  from  their  entrance  into  the  spleen. 

By  ascertaining  the  anatomical  state  of  the  vessels,  a  neglect  of  which 
explains  the  negative  results  of  my  first  series  of  experiments,  I  found 
it  very  desirable  to  undertake  a  new  series  of  ligations.  In  this  series 
care  should  be  taken,  in  order  to  cut  off  the  blood  supply  to  a  certain  part 
of  the  spleen,  to  place  the  ligature  distal  to  the  transverse  branches  ex- 
tending between  the  individual  arteries,  or  a  supplementary  ligation  of 
the  corresponding  transverse  anastomosing  branches  should  be  made. 
This  second  ligature  should,  therefore,  be  placed  and  tied  in  the  direction 

■^For  the  spleen  of  the  dog  the  gelatine  was  colored  with  Prussian  blue,  for 
that  of  the  man  with  vermillion  red.  , 
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of   the  ligamentum  gastrosplenicum,   at  a   right  angle   with  the   first 
Hgature. 

I  carried  out  these  ligations  in  a  number  of  cases,  a  series  of  nine 
dogs.  In  some  I  ligated  only  arteries,  in  others  also  veins.  In  all — 
as  well  as  in  a  guinea-pig — I  made  exact  measurements  of  the  spleen 
before  the  ligation,  for  the  results  previously  obtained  with  the  guinea- 
pigs  operated  on  (Nos.  10-12)  spoke  in  favor  of  the  possibility  that 
diminished  blood  supply  and  nutrition  might  bring  about  a  general 
reduction  of  the  organ  without  producing  an  infarct.*'  The  ligatures 
I  arranged  so  that  I  could  not  see  any  transverse  branches  lying  distal 
to  them  or — and  this  latter  was  as  a  rtile  much  more  simply  and  quickly 
done — after  ligation  of,  say,  the  lower  half  of  the  spleen  hilum,  I  drew 
(Cases  20-22),  with  the  aneurism  needle,  another  ligature  from  the 
same  point  of  departure,  the  centre  of  the  hilum,  straight  out  in  the 
direction  of  and  quite  close  to  the  concave  surface  of  the  spleen.  The 
results  of  these  operations  were  much  nearer  what  I  wanted  than  had 
been  the  case  in  the  first  series. 

It  may  not  be  out  of  place  here  to  touch  upon  the  anatomical  relations  of  the 
vessels  within  the  spleen.  A  priori  it  would  be  quite  conceivable  tliat  they  might 
govern  the  manner  in  which  the  organ  would  react  on  shutting  off  a  part  of  the 
circulation. 

The  finer  structure  of  the  splenic  vascular  system  has  for  a  long  time  been 
the  subject  of  active  study  and  discussion.  The  point  in  dispute,  essentially,  is 
the  manner  of  die  connection  of  the  most  diminutive  arteries  with  the  most 
diminutive  veins :  whether  the  thing  takes  place  directly,  by  means  of  a  closed 
system  of  tubes,  as  is  usually  the  case  elsewhere  in  the  body,  or  whether  it 
makes  use  of  the  intermediation  of  a  system  of  lacunK  between  the  arteries  and 
veins.  The  latter,  if  it  exists,  would  in  the  minds  of  most  investigators  lack  an 
at  least  uninterrupted  wall,  and  consequently  grant  the  blood  the  possibility  of 
flowing  out  freely  from  the  arterial  capillaries  into  the  splenic  pulp  before  it 
accumulates  in  the  smallest  vein  branches.  Owing  to  the  nature  of  the  walls  of 
the  vessels,  the  blood  would  then  be  able  to  pick  its  way  through  the  entire 
cellular  structure  of  the  spleen  pulp  in  the  same  manner  as,  according  to  the 
picturesque  description  of  Henle,  a  liquid  would  through  a  sand-hill.  Very 
weighty  reasons  have  been  advanced  in  the  last  few  years,  in  support  of  the 
view  that  the  blood,  on  its  way  through  the  spleen,  does  not  need  to  make  use  of 
any  intermediary  lacuns,  but  continues  proceeding  from  vessel  to  vessel,  within 
vascular  walls  that  form  an  uninterrupted  connected  whole,  which  nevertheless 
are  so  constructed  that  both  red  and  white  corpuscles  are  enabled  to  pass 
through  them,  by  the  process  of  diapedesis  (Helly,  MoUier,  etc.;  see  also 
Weidenreich). 

i'The  measurements  were  taken  by  placing  a  linen  thread  along  the  surface 
of  the  spleen,  thus  enabling  me  to  obtain  a  precise  value  of  the  size  of  the  entire 
organ  in  various  .directions. 
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The  adherents  of  one  view  as  well  as  those  of  the  other  are  accustomed  to 
base  their  opinions  on  now  injection  experiments,  now  a  direct  study  of  micro- 
scopical sections.  But  there  are  very  slight  prospects  that  either  of  these  methods 
will  ever  show  how  an  arterial  capillary  in  the  spleen  ends,  and  how  a  venal 
capillary  begins. 

The  method  I  have  adopted  to  get  at  the  answer  to  this  problem  is  to 
reverse  the  circulation  and  then  to  judge  from  the  microscopical  sections  whether 
the  blood  in  the  spleen  circulates  through  an  open  or  closed  system.  I  pro- 
ceeded, in  the  case  of  a  dog,  by  applying  Carrel's  vessel  clamps,  and  then  sever- 
ing one  of  the  spleen's  main  arteries  and  one  of  its  main  veins.  Then,  by  means 
of  vessel  suture,  or  with  Crile's  transfusion  clamp,  I  united  the  proximal  end  of 
the  artery  with  the  distal  end  of  the  vein,  and  the  proximal  end  of  the  vein  with 
the  distal  end  of  the  artery.  After  a  period  of  24  hours,  at  a  relaparotomy, 
there  was  no  noteworthy  change  in  the  macroscopical  appearance  of  the  spleen. 
Microscopically,  on  the  other  hand,  it  was  quite  clear  that,  in  that  portion  of  the 
organ  which  corresponded  to  the  vessels  affected,  the  tissue  was  remarkably 
full  of  red  blood-cells.  With  the  exception  of  the  follicles  (Malpighian  bodies) 
which  looked  normal,  the  field  was  swarming  with  red  blood-cells  and  very  scarce 
of  pulp  tissue.  Between  the  "  operation  area  "  of  the  spleen  and  its  normal  por- 
tion, there  was  a  transition  zone  in  which  the  frequency  of  blood-cells  was  not  so 
pronounced.  I  shall  not  here  enter  into  any  further  interpretation  of  these  sec- 
tions, as  they  cannot  be  considered  as  in  any  way  representing  a  finished  in- 
vestigation. Yet  it  seems  to  me  that  they  are  fully  compatible — and  most  com- 
patible— with  the  assumption  of  a  system  of  closed  tubes  in  the  spleen,  in  which 
the  walls  of  the  vessels  in  the  finer  branches  on  the  venous  side  are  more  easily 
passed  through  than  on  the  arterial  side,  so  that,  in  the  former  part,  under  the 
influence  of  the  more  energetic  blood  current,  it  permits  the  passage  of  the 
blood-corpuscles  to  an  unlimited  number,  spreads  the  Malpighian  bodies  to  a 
greater  distance  from  each  other  than  obtains  usually  and  fills  the  spleen  pulp 
with  red  cells.  The  great  frequency  of  blood-corpuscles  even  in  the  arteries  be- 
longing to  the  Malpighian  bodies  may  be  an  indication  of  the  presence  of  vessel 
walls  all  over,  may  be  of  very  slight  resistance.  If  the  "reversed  blood"  from 
the  vein  branches  reached  very  soon  intermediary  wall-less  lacunx,  it  could 
hardly  have  succeeded  in  getting  so  far  back,  i.e.,  so  far  into  the  arterial  side, 
that  even  the  arteries  of  the  follicles  became  full  of  red  blood-corpuscles. 

After  this  digression,  1  return  to  the  cases  operated  on  by  me  (Nos. 
13-22),  where  the  Hgation  of  vessels  gave  a  more  positive  result  than 
I  had  previously  obtained. 

Post-operative  peritoneal  infection  did  not  in  this  series  occur,  but 
two  dogs  (Nos.  14  and  21)  died  suddenly  a  short  time  after  the  opera- 
tion, exactly  as  had  been  the  case  in  the  first  series  studied.  The 
first  dog  (No.  14)  presented  a  rather  bad  general  condition  before 
the  operation.  He  died  on  the  fifth  day.  No  other  organic  change 
could  be  observed  than  the  infarction  in  the  spleen.  The  other  dog  who 
died  (No.  21)  was  a  rather  large  animal  in  fairly  good  general  con- 
dition before  the  operation.     He  died  three  days  after  four-fifths  of 
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his  spleen  hilum  had  been  hgated,  and  on  post-mortem  examination 
showed  no  other  abnormahty  than  infarction  of  a  large  section  of  the 
spleen  (Fig.  6).  In  these  cases  death  may  have  been  due  to  an  intoxi- 
cation produced  by  decomposition  products  of  the  spleen.  Considering 
the  cases  together  with  the  manner  in  which  the  guinea-pigs  operated 
on  reacted — including  the  two  (Nos.  12  and  13)  in  whom  the  entire 
spleen  had  been  disabled,  none  of  them  showed  any  effect  on  their 
general  condition — we  are  obliged  to  note  that  various  species  of  ani- 
mals do  not  bear  equally  well  such  a  trauma  as  is  involved  in  the  ligation 
of  the  vessels  above  indicated. 

As  for  the  changes  produced  in  the  spleen  itself  in  the  second 
series  of  operations,  they  consisted  of  an  infarction  of  a  greater  or 
less  portion  of  the  organ  (Cases  14-18,  20,  21),  or  in  a  simple  reduction 
of  the  volume  of  the  spleen  without  demonstrable  infarcts  (Cases  13, 

19,  22).  Most  striking  was  the  effect  in  Case  16:  Before  operation 
the  length  of  the  spleen  was  13  cm.,  breadth  4  cm.,  circumference  6  cm. ; 
33  days  after  the  upper  half  of  the  hilum  had  been  ligated,  the  corre- 
sponding dimensions  were,  7.4,  3.2,  and  6.1  cm.  respectively,  and  the 
upper  pole  of  the  spleen  had  been  reduced  to  a  pale,  shrunken  infarct, 
6  mm.  long  and  3  mm.  deep  (Fig.  7). 

From  a  pathological-anatomical  view-point  the  infarcts  are  very 
interesting,  which,  including  both  series  of  operations,  were  produced 
in  ten  cases  by  ligation  of  a  greater  or  less  number  of  splenic  vessels. 
They  represent,  taken  together,  a  series  of  changes  more  or  less  pro- 
nounced, depending  upon  the  length  of  time  elapsing  between  the 
ligation  and  the  animal's  death.  The  age  of  the  changes  was  from  10 
minutes  to  45  days. 

Even  gross-pathologically,  it  was  easy  to  recognize  those  parts  of  the 
spleen  which  had  been  deprived  of  their  normal  blood  circulations. 
They  had  the  characteristic  appearance  of  hemorrhagic  infarcts:  a 
wedge-shaped  area  on  cross-section,  with  clear  demarcations  from  the 
rest  of  the  organ,  with,  after  10  minutes,  a  perceptible  elevation  and 
of  bluish-black  color  (Fig.  5).     Most  often  (Cases  8,  9,  14,  15,  17, 

20,  21)  they  were  multiple  ;  in  only  two  animals  were  they  single  (Cases 
5  and  16).  In  five  cases  (8,  14,  15,  18,  21)  there  was  noticeable  a 
localization  of  the  infarcts  to  the  edges  of  the  spleen  (Fig.  5),  or, 
chiefly  to  one  pole  or  to  both  poles  (Fig.  6).  In  four  cases  only  one- 
half  of  the  organ  was  affected,  but  in  such  a  manner  that  the  infarct 
(Cases  5  and  16,  Fig.  7)  or  the  infarcts  (Cases  17  and  20,  Fig.  7) 
extended  over  the  entire  cross-section,  and  did  not  limit  themselves  to 
the  zones  along  the  edges.     The  formation  of  infarcts  in  the  centre 
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of  the  spleen  with  the  periphery  uninfluenced  never  came  to  my  notice ; 
in  the  two  cases  (Xos.  i  and  2)  in  which  the  spleen  hilum  was  ligated 
in  the  centre,  no  effect  at  all  was  apparent. 

It  should,  however,  be  noted  that  this  negative  result  is  stated  for 
the  condition  several  weeks  after  the  operation;  the  effect  may  have 
had  a  different  appearance  earlier  in  the  process.  If  a  considerable 
part  of  the  spleen's  blood  supply  or  discharge  is  suddenly  cut  off, 
the  immediate  effect  will  be  a  more  or  less  pronounced  (depending 
on  the  case)  alteration  in  the  corresponding  tissue  and  its  appearance. 
In  Cases  14  and  21  (Fig.  6)  there  was  recorded,  even  on  the  fifth 
(or  fourth,  respectively)  day  after  the  ligation  of  the  vessels,  a  notice- 
able increase  in  the  volume  of  the  organ,*  because  of  the  increase  in  its 
blood  content,  congestion,  infarction.  A  similar  enlargement,  not,  how- 
ever, one  that  was  measured  precisely,  was  observ^ed  in  Case  9  five  hours, 
and  in  Case  15  two  hours  after  the  operation.  A  few  minutes  after 
the  ligation  Case  9  showed  multiple  small  protuberances  on  the  convex 
surface,  but  five  hours  later,  on  the  animal's  death,  the  serous  surface 
was  entirely  smooth  and  a  general  infarction  of  the  organ  had  begun. 
Thus  a  certain  adjustment  of  even  rather  extensive  disturbances  of  the 
circulation  can,  it  seems,  in  various  ways  be  accomplished  in  due  time. 
And  it  is  not  certain  that  if  the  animal  in  question  had  lived  longer, 
a  regular  infarct  formation  would  have  developed  in  all  the  cases  which 
showed  infarcted  portions  at  the  post-mortem  shortly  after  the  vessel 
ligation.  Case  22  gives  further  strength  to  this  statement.  Here,  a 
few  minutes  after  the  ligation,  there-was  observed  a  bluish-black  color 
of  the  upper  half  of  the  spleen,  which  was  in  sharp  contrast  to  the  lower 
half  of  normal  coloring.  But  when  the  animal  was  killed,  four  weeks 
after,  no  trace  of  an  infarction  could  be  found ;  there  was  merely  a 
distinct  reduction  in  the  volume  of  the  entire  spleen. 

As  for  the  gross-pathological  picture  of  the  infarcts  thus  produced, 
it  is  noteworthy,  finally,  that  an  anaemic  infarct  could  not  be  positively 
detected  in  any  case.  In,  for  instance,  Case  18  (in  which  only  the 
arteries  were  ligated)  the  macroscopic  appearance  of  the  infarction  had 
a  hemorrhagic  color  still  a  month  later.  From  the  microscopicaj  picture 
it  was  not  evident  in  a  single  case  that  an  anaemic  infarct  had  been 
produced.  This,  in  view  of  what  the  experience  shows  as  to  human 
beings — but  we  most  likely  do  not  have  many  opportunities  to  see 
very  fresh  human  infarcts — arouses  our  astonishment,  though  it  agrees 

*A11  these  measurements  were  undertaken  in  exactly  the  same  manner  and 
under  entirely  uniform  conditions,  for  which  reason  I  regard  it  as  quite  proper 
to  speak  of  the  dimensions  comparatively. 
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entirely  with  the  earlier  experimental  results  (Karsner  and  Austin,  191 1, 
who  produced  infarction  in  the  spleen  and  kidneys  of  dogs  by  intro- 
ducing a  number  of  plant  seeds  into  the  abdominal  aorta).  The  grow- 
ing pale  of  the  infarct  occurs  sometimes  earlier  and  sometimes  later  than 
the  subsiding  of  its  peripheral  surface:  in  Case  17,  ten  days  after  the 
ligation,  the  infarcts  were  pale  but  not  depressed ;  in  Case  5,  on  the 
fourteenth  day  the  color  was  hemorrhagic  but  the  serous  surface  was 
retracted.  Older  infarcts  had  a  depressed  peritoneal  surface  (for 
example,  Case  18). 

Under  the  microscope  it  is  easy  to  distinguish  the  effect  of  the  circu- 
latory disturbance  in  the  spleen,  both  with  regard  to  the  blood  accumu- 
lated and  to  the  tissues  of  the  spleen  itself. 

Already  a  short  time  (ten  minutes)  after  stopping  the  circulation, 
there  is  a  noticeable  enormous  oversupply  of  red  blood-corpuscles  (Case 
8,  Fig.  8).  The  spleen  cells  are  much  more  attenuated  than  usual, 
particularly  in  a  zone  immediately  under  the  organ's  capsule  of  con- 
nective tissue.  This  hemorrhagic  tissue  is  not  so  sharply  contrasted 
with  its  surroundings  as  the  macroscopically  noticeable  prominences  on 
its  serous  surface  might  lead  one  to  suppose,  but  merges  very  gradually 
into  the  tissue  of  normal  blood  content.  Ever}'where  pigment  is  found 
very  abundantly,  both  intra-  and  extra-cellularly,  and  often  arranged  in 
a  thin  wreath  corresponding  to  the  periphery  of  the  smaller  vessels 
(of  the  capillary  vein?).  The  Malpighian  bodies  are  in  no  place  satu- 
rated with  blood,  nor  in  any  way  altered,  nor  are  the  trabeculse. 

After  two  hours,  still  more  after  five  hours,  it  becomes  emphatically 
evident  that  the  frequency  of  blood-cells  is  much  greater  in  the  periph- 
ery than  in  the  central  portions  (Cases  15  and  9).  Certain  spots  do, 
however,  present  a  thin  zone  of  more  normal  spleen  tissue,  adjacent  to 
the  capsule.  The  outlines  of  the  red  blood-corpuscles  begin  to  merge 
together  and  are  difficult  to  distinguish.  The  follicles  are  no  longer 
entirely  free,  but  show,  in  various  places  near  the  periphery  of  the  spleen, 
that  the  cells  are  pushed  apart  by  red  blood-corpuscles. 

When  the  infarct  is  three  days  old,  it  has  the  appearance  of  an 
eosinophilic,  structureless,  almost  hyaline  mass,  in  which  there  are 
scattered  a  small  number  of  well-stained  cell  nuclei,  and  also  a  number 
of  poorly  colored  ones,  as  well  as  some  fragments  of  nuclei  (Case  21). 
The  Malpighian  bodies  also  show  poorer  coloring  than  usual,  and 
the  trabeculse  have  in  some  spots  been  necrotized.  This  structureless 
area  contrasts  sharply  with  the  adjacent  spleen  tissue,  which  is  other- 
wise normal,  but  full  of  blood ;  the  line  of  demarcation  itself  is  made  up 
of  a  thin — reactive — zone,  rich  in  cells.     All  these  alterations,  however, 
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are  not  very  pronounced  at  so  early  an  epoch  in  the  case  of  a  small 
infarct.  The  contours  of  the  blood-corpuscles  are,  to  be  sure,  dis- 
appeared even  in  such  cases,  but  the  necrosis  is  not  so  far  advanced. 
The  blood  pigment  seems  nicely  placed  in  the  protoplasm  of  the  pulp 
cells.  In  Case  14,  four  days  old  infarction,  also  with  minor  infarcts,  a 
considerable  number  of  red  blood-cells  have  retained  their  contours. 
Resides  it  is  noticeable  here  that  the  lymphocytes,  in  this  pathological 
process,  are  the  cells  that  offer  the  most  resistance  to  necrosis,  and  that 
a  comparatively  unaffected  spleen  tissue  may  continue  to  be  present 
in  a  narrow  zone  close  to  the  spleen's  capsule. 

In  the  next  following  stage,  represented  in  my  series  of  infarcts — 
the  tenth  day,  Case  17 — infarction  has  already  passed  beyond  its  climax. 
No  grouping  into  follicles  is  any  longer  to  be  detected.  Necrosis  and 
karyorrhexis  are  as  pronounced  in  the  periphery  as  they  are  at  the 
centre.  Regressive  processes  appear  within  the  infarct,  and,  at  the 
same  time,  reactive  processes  from  the  adjacent  parts  are  distinctly  seen 
in  the  form  of  tissue,  connected  with  the  trabecule,  and  rich  in  cells 
and  vessels.  Areas  are  still  found  which  by  their  eosinophilic  nature 
indicate  the  presence,  formerly,  of  red  blood-corpuscles,  but  otherwise 
one  has  a  predominant  impression  that  most  of  the  blood  has  been 
reabsorbed.  In  Case  5,  a  case  with  a  very  small  infarct,  four  days  later 
the  destructive  processes  were  decidedly  less  apparent  than  in  the  case 
described  above. 

The  next  stages  I  had  occasion  to  study  represented  infarcts  that 
were  macroscopically  shrunken  and  organized,  4^^  weeks  old.  In 
two  cases  (Nos.  16  and  18,  Fig.  10)  I  had  the  picture  of  connective  tissue 
rich  in  vessels,  and  to  a  great  extent  sclerotic,  and  containing  pigment 
within  the  cells  as  well  as  outside  of  them.  The  spleen's  capsule  was 
thickened  and  it  did  not  run  along  in  a  straight  line,  but  was  wrinkled, 
apparently  a  consequence  of  the  general  reduction  in  the  volume  of  the 
spleen  brought  about  by  the  falling  away  of  the  specific  spleen  tissue. 
Very  often,  though,  there  was  found,  right  under  the  capsule,  a  thin 
layer  of  common  spleen  tissue,  rich  in  blood,  before  getting  to  the 
infarcts  proper.  In  a  third  case  of  about  same  age  (No.  20,  Fig.  9), 
not  all  of  the  necrotic  tissue  had  been  reabsorbed,  a  rather  considerable 
part  of  it  remained  in  the  shape  of  a  central,  hyaline,  eosinophilic  mass, 
at  the  periphery  of  which  there  began  a  reaction  zone  rich  in  cells  and 
pigment. 

It  has  already  been  remarked  that  the  ligation  of  spleen  vessels  in 
two  dogs  operated  on  (Cases  19  and  22),  as  well  as  in  all  the  guinea- 
pigs  operated  (Cases  10-13),  did  not  produce  any  noticeable  infarcts 
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after  i  to  lyi  months,  but  rather  a  general  reduction  of  the  spleen's 
volume  (to  what  extent  such  an  effect  was  present  in  the  dogs  lacking 
infarct  in  the  first  series  of  operations  cannot  be  determined,  as  I  then 
did  not  make  any  precise  measurements  of  the  spleen).  It  has  like- 
wise been  pointed  out  above  that  the  anatomical  reasons  for  this  effect 
are  to  be  found  in  the  extensive  anastomoses  between  the  vessels  in  the 
hilum.  Macroscopically,  the  diminution  of  the  organ  was  not  so  great 
in  the  case  of  one  (No.  19)  of  the  dogs  as  in  that  of  the  other  (No.  22), 
in  which  the  length  of  the  spleen  had  in  four  weeks  been  decreased  by 
one-fourth  of  the  original  dimension.  But  for  both  of  these  cases  the 
microscopic  examination  gave  the  impression  of  a  diminished  ratio  of 
specific  spleen  tissue  as  opposed  to  connective  tissue ;  necrosis  could  not 
be  detected.  In  the  gtiinea-pigs  it  was  of  interest  (Cases  10  to  13)  to 
note  that  a  very  considerable  diminution  of  the  organ  had  begun  in  spite 
of  the  fact  that  simultaneously  the  entire  spleen  had  been  enveloped  in 
adherent  omentum — showing  that  a  subsidiary  collateral  circulation 
through  the  spleen  capsule  could  not  be  developed  and  thus  compensate 
the  stoppage  of  the  blood  supply  through  the  spleen  hilum. 

It  would  be  no  doubt  valuable  to  conduct  a  long  series  of  operations 
in  which  the  ligatures  should  be  intentionally  so  placed  as  to  prevent 
the  formation  of  infarcts,  that  is,  without  making  the  provisions  recom- 
mended above,  with  regard  to  the  transverse  anastomosis  between  the 
vessels.  It  is  not  improbable  that  it  might  turn  out  that  cutting  off 
a  considerable  portion  of  the  spleen's  blood-vessels  leads  to  a  general, 
permanent  reduction  of  the  volume  of  the  organ,  without  any  infarct 
intervening.  In  that  case  this  effect — so  far  as  the  conditions  may  be 
predicated  of  man — must  seem  more  ideal  than  the  direct  production  of 
infarcts,  for  the  risk  of  secondary  infection  of  the  necrotizing  infarcts 
here  disappears.  Yet  there  was  not  a  trace  to  be  found  of  any  such 
infection  in  the  spleen-operated  animals  whom  I  infected  intravenously 
with  pus  bacteria  (Cases  4,  5  and  17)  ;  this  seems  to  indicate  that  spleen 
infarcts  in  dogs  are  not  especially  susceptible  to  infection.  Besides  it 
may  be  accepted  for  the  present,  that  the  rich  supply  of  vessels  in  the 
individual  cases,  in  the  spleen,  may  make  the  projected  anatomical 
reduction  of  the  spleen  tissue  somewhat  uncertain  and  difficult  to  pre- 
viously calculate. 

My  earliest  spleen  operations  I  arranged  so  that  I  might  if  possible 
get  some  points  on  the  influence  of  the  stoppages  on  the  functioning  of 
the  spleen.  Various  circumstances  later  prevented  me  from  continuing 
in  this  intention.  In  the  first  place,  I  found  contradictory  results  even 
in  the  very  first  counts  of  blood-corpuscles.     Most  of  the  animals  did 
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give  evidence  of  a  larger  supply  of  red  blood-cells  in  the  blood  drawn 
directly  from  the  spleen  (vena  lienalis),  than  in  that  found  in  the 
general  circulation  (ear  vein)  and  in  the  vessels  supplying  the  spleen 
(arteria  lienalis)  (Cases  i,  2,  4,  5  and  7).  But  in  a  few  exceptional 
cases  the  opposite  was  true  (Cases  3  and  6).  The  differences  in  the 
number  of  blood-corpuscles  in  vena  and  arteria  lienalis  were,  further- 
more, in  some  cases  mighty  small.*  The  prospects  of  obtaining  any 
conclusions  from  a  comparison  between  these  first  differences  and  those 
that  I  might  have  obtained  by  counting  the  blood-corpuscles  a  few 
months  after  the  formation  of  infarcts,  were  consequently  very  slight. 
All  the  more  so  since,  at  this  later  epoch,  the  diff'erences,  depending 
on  the  extent  to  which  the  spleen  had  been  infarcted,  would  have  been 
less  than  the  counts  before  the  operations.  To  be  sure  it  was  also  the 
negative  result  with  regard  to  the  infarct  in  the  spleen,  obtained  from 
the  animals  first  killed,  that  influenced  me  in  giving  up  the  blood- 
corpuscle  counts  entirely.  It  is  yet  not  impossible  that  the  accom- 
plishment of  a  long  series  of  operations  and  blood  counts  might  give 
data  of  value,  not  only  as  to  the  formation  of  lymphocytes,  but  also  on 
that  of  other  blood-cells  in  the  spleen.  It  would  be  important,  in  this 
connection,  in  view  of  the  active  anastomosis  of  the  splenic  vessels  with 
the  vasa  gastro-epiploica,  to  make  sure  that  such  veins  in  the  hilum  be 
chosen  as  conduct,  as  far  as  possible,  only  blood  from  the  spleen. 

The  task  I  had  put  before  me  in  undertaking  ligation  of  splenic 
vessels  was  to  find  out  whether  such  an  operation  was  an  advisable 
substitute  for  splenectomy  in  certain  blood  diseases.  The  necessaiy 
conditions  for  its  advisability  would  be,  on  the  one  hand,  that  a  simple 
ligation  should,  in  the  case  of  the  individuals  concerned,  bring  about  a 
rather  considerable  reduction  of  the  spleen,  anatomically  and  physio- 
logically, and,  correspondingly,  an  improvement  in  the  patient's  con- 
dition; on  the  other  hand,  that  this  should  be  obtainable  at  a  slighter 
risk  to  the  latter  than  is  the  case  in  splenectomy. 

My  investigations,  ignoring  for  the  present  what  they  have  taught 
me  concerning  the  arrangement  of  the  vessels  in  the  spleen  hilum  and 
concerning  the  pathology  of  infarcts  of  the  spleen,  have  shown  that  the 
cutting  off  of  the  spleen  vessels  in  the  case  of  the  animals  in  question 
in  a  short  time  led  to  an  anatomical  reduction  of  the  spleen  specific 

■Still  more  inconclusive  were  the  differences  with  regard  to  the  number  of 
white  blood-corpuscles.  Their  number  alternated,  for  the  nine  anima'-S  first 
operated  on,  between  11,000  and  30,000.  Differential  counts  gave  a  figure  of  at 
most  18  per  cent,  of  mononuclears  (about  300  to  450  leucocytes  were  counted  in 
each  case). 
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tissue.  It  is  very  likely  that  it  also  involves  a  reduction  in  the  work 
of  the  organ.  In  other  words,  the  effect  of  it  may  be  qualitatively,  but 
not  quantitatively,  equivalent  to  the  effect  of  extirpating  the  spleen. 
As  for  the  risk  of  a  simple  ligation  of  vessels,  I  have  been  able,  in  the 
animals  I  studied,  to  determine  that  the  dangers  of  secondary  infection 
from  infarcts  arising  after  ligation  are  at  least  not  great,  not  even  in 
the  pyogenic  condition. 

In  view  of  the  high  operative  mortality  of  splenectomy,  as  well  as 
of  its  impracticability  in  certain  cases  which  have  perisplenitis  and 
adhesions,  it  may  therefore  be  very  reasonable  to  ask  whether  such 
stoppage  should  not  be  resorted  to  in  pernicious  anaemia  and  morbus 
Banti.  The  results  I  obtained  concerning  its  effect  are  not  applicable 
without  further  question  to  sick  human  patients.  What  its  effect  will 
be  in  such  cases  can  only  be  determined  by  clinical  experience.  If 
favorable,  it  is  possible  that  the  advantages  of  this  operation  over 
splenectomy  may  not  lie  only  in  its  applicability  to  inextirpable  spleens. 
Its  simpler  technic — and  presumably,  therefore,  its  lower  mortality  in 
operation — might  extend  the  operative  indications  in  the  case  of  the 
blood  affections  mentioned.  For  by  having  acquired  an  operative 
method  that  would  grant  temporary  relief — and  that  is  about  all  splenec- 
tomy has  frequently  done  in  these  cases — we  also  have  secured  the 
prospect  that  a  rather  large  number  of  patients  suffering  from  chronic 
anaemias,  whose  complete  cure  has  thus  far  been  not  attainable  by  our 
present  therapeutic  methods,  may  be  successfully  treated. 

Note. — The  substance  of  the  above  essay  was  communicated  on 
February  19,  1915,  to  the  regular  weekly  staff-meeting  of  the  Depart- 
ment of  Pathology  of  Columbia  University ;  the  number  of  the  Journal 
of  American  Medical  Association  that  appeared  two  weeks  later,  con- 
tained an  article  by  Roblee  on  "  Splenectomy  in  Primary  Pernicious 
Anaemia  "  (March  9,  1915).  Here  it  is  stated  that  the  ligation  of  the 
spleen  vessels  as  a  substitute  for  splenectomy  has  already  been  tried  on 
six  patients,  but  with  a  mortality  of  66  per  cent.  However,  the  refer- 
ence to  authority  is  not  given,  and  I  have  not  been  able  to  find  in  any  of 
the  authors  cited  (A.  R.  Steele,  Harris,  and  Hertzog — except  W.  Mayo, 
on  whose  advice  in  the  same  periodical,  in  1910,  this  mode  of  operation 
was  tried)  any  original  work  such  as  was  indicated.-*  I  am  therefore 
not  acquainted  with  the  details  of  these  cases.  It  is  surely  not  unim- 
portant how  great  a  portion  of  the  spleen  hilum  was  cut  oft',  and  less 

I  have  gone  through  the  "  Index  Medicus  "  as  well  as  the  Jour,  of  the 
Amer.  Med.  Ass.  from  1910  to  1914.  Possibly  Roblee's  remark  is  based  on 
some  verbal  statement  of  tbe  operator  in  question. 
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SO,  whether  not  only  the  arteries,  but  also  the  corresponding  veins  were 
ligated.  The  difference  in  sensitiveness  shown  in  my  experiments  on 
animals,  as  between  guinea-pig  and  dog,  may  find  a  parallel  in  the  similar 
relation  between  dog  and  man,  in  other  words,  man  may  be  more  vulner- 
able to  such  interferences  than  the  dog,  as  the  dog  is  more  vulnerable 
than  the  guinea-pig.  It  should  not  be  overlooked,  that  in  both  the  animals 
in  my  second  operation  series  (Cases  14  and  21 )  who  died  spontaneously, 
both  the  supplying  and  discharging  vessels  had  been  ligated.  In  the 
producing  of  an  infarct  it  is  of  no  advantage  to  ligate  veins  also,  but  for 
the  removal  of  the  decomposition  products  of  the  infarct,  it  is  more 
desirable  to  afford  as  good  an  egress  for  the  latter  as  possible,  it 
means  to  ligate  only  a  few  of  the  spleen's  arteries  and  none  of  its  veins. 
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AMYLOIDOSIS:  (a)  INCIDEXCE.      (b)  REPORT  OF 
CASE  WITH  EXTENSIVE  AMYLOID-LIKE  DE- 
POSITS IN  ORGANS  NOT  SHOWING  ANY 
OF  THE  CHARACTERISTIC  J^EACTIONS 

R.    A.    L.\MBERT,    M.D. 

H'rom  the  Pathological  Laboratory  of  Moiitrfiore  Hospital  and  the  Depart- 
ment of  Pathology  of  the  College  of  Physicians  and  Surgeons) 

(a)    INCIDENCE 

Among  fifty-five  autopsies  performed  at  Montefiore  Hospital 
(luring  the  past  eight  months  nine  cases  of  amyloidosis  have  been 
encountered,  an  incidence  of  i8  per  cent.  Chronic  puhnonary  tu- 
berculosis was  the  cause  of  death  in  twenty-one  cases,  eight  of 
which,  or  38.1  per  cent.,  showed  a  deposition  of  amyloid  in  vari- 
ous organs. 

As  will  be  seen  from  the  accijmpanying  table  these  figures  sug- 
gest that  am_\-loidosis  is  far  more  common  in  this  hospital  than  in 
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other  institutions  from  which  statistics  on  this  point  are  available. 
Fortunately,  we  are  able  to  compare  these  figures  with  those  ob- 
tained from  the  records  of  the  Presbyterian  Mospital  where  dur- 
ing the  past  seven  years  only- six  cases  of  amjdoidosis  have  been 
observed  in  approximately  eight  hundred  and  fifty  autopsies,  an 
incidence  of  0.7  per  cent. 

.Also  at  the  College  of  Physicians  and  Surgeons,  where  autopsy 
material  is  received  from  various  hospitals,  only  twelve  cases  of 
amyloidosis  have  been  seen  in  nearly  one  thousand  autopsies. 
Statistics  from  foreign  hospitals  show,  too,  a  far  lower  incidence. 
It  has  seemed  to  us  that  a  consideration  of  the  possible  causes  for 
this  striking  difference  in  frecjuency  should  prove  of  interest. 
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It  should  be  stated  in  the  beginning  that  the  number  of  autop- 
sies in  the  Montefiore  series  (fifty-five)  is  rather  small  for  any 
<:onclusive  statistical  study,  but  the  fact  that  only  sixteen^  cases  of 
amyloidosis  have  been  found  in  one  thousand,  eight  hundred  and 
fifty  autopsies  outside  of  Montefiore  Hospital  goes  far  to  prove 
that  the  high  incidence  there  cannot  be  regarded  as  accidental. 

In  discussing  this  problem  with  Dr.  Wachsmann,  Superintend- 
ent of  Montefiore  Hospital,  and  others,  it  has  been  suggested  that 
the  patients  in  that  institution  differ  from  those  in  other  general 
hospitals  in  at  least  three  respects:  (1)  Most  of  the  patients  are 
foreign  born.     This  was  true  of  all  of  the  cases  of  amyloidosis; 

'  Eighteen  cases  are  recorded  in  tlie  table  but  two  of  these  were  Monte- 
fiore cases,  the  material  from  which  was  sent  to  the  College  of  Physicians 
and  Surgeons. 
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(2)  All  patients  belong  to  the  Jewish  race;  (3)  The  tuberculous 
patients  admitted  differ  in  certain  respects  from  those  in  many 
other  hospitals. 

Regarding  the  first  factor,  namely,  the  nationalit\-  of  the 
patient,  it  has  been  stated  by  many  who  have  attended  autopsies  in 
Berlin  and  \  ienna.  that  amyloidosis  is  much  more  common  in 
Europe  than  in  America.  The  statistics  from  Vienna  and  Kiel 
(see  table)  seem  to  disprove  this  idea,  since  the  percentage  of 
amyloidosis  in  total  number  of  autopsies  as  well  as  in  cases  where 
death  was  due  to  tuberculosis  is  not  much  higher  than  at  the  Col- 
lege of  Physicians  and  Surgeons,  and  not  nearly  so  high  as  in  the 
Montefiore  series. 

.At  N^ienna  in  calculating  the  percentage  of  tuberculous  cases  showing 
amyloid  deposits,  cases  of  acute  general  miliary  tuberculo.sis  and  tuberculous 
pneumonia  were  probably  included,  whereas  such  cases  were  carefully  omitted 
in  the  preparation  of  our  statistics.  We  made  this  selection  of  tuberculous 
cases,  firstly,  because  amyloid  is  practically  never  found  in  acute  tubercu- 
losis ;  and,  second!}-,  because  all  the  cases  at  Montefiore  Hospital  were 
chronic.  Therefore  a  fair  comparison  necessitated  a  selection  of  cases  of 
the  same  type  at  the  other  institutions.  If  we  should  include  in  our  statistics 
from  the  College  of  Physicians  and  Surgeons  and  the  Presbyterian  Hospital 
deaths  from  acute  tuberculosis  the  percentages  of  amyloidosis  in  tubercu- 
losis would  fall  considerably  lower  than  those  for  Vienna  and  Kiel. 

Looking  into  the  question  of  nationality  of  the  six  cases  of 
amyloidosis  at  the  Presbyterian  Hospital,  we  find  one  Italian,  one 
Englishman,  two  Hungarians,  one  .\merican  of  German  parent- 
age, and  one  American  negro.  The  percentage  of  foreign-born 
patients  admitted  to  the  hospital  is  about  40  per  cent.,  but  if  to  this 
group  are  added  those  of  foreign  parentage  the  percentage  of 
"  foreign  "  patients  would  probably  reach  75.  It  is  seen  therefore 
that  these  figures  do  not  give  much  support  to  the  idea  that 
foreigners  are  very  much  more  susceptible  to  amyloid  disease. 

The  second  suggestion,  that  of  a  racial  predisposition,  is  one 
upon  which  our  available  statistics  are  not  altogether  conclusive. 
At  the  College  of  Physicians  and  Surgeons  no  record  of  race  has 
been  kept.  At  the  Presb3-terian  Hospital,  although  about  12  per 
cent,  of  the  admissions  are  Hebrews,  autopsies  upon  people  of 
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Jewisli  faith  are  rare,  comprising  less  tlian  5  per  cent,  of  the 
total  number.  Thus  we  are  able  to  compare  the  records  of 
a  hospital  where  all  are  Hebrews  with  those  of  another  where 
there  is  only  a  small  percentage  of  such  cases.  This  com- 
parison (see  table),  which  shows  at  Montefiore  Hospital  an  inci- 
dence of  amyloidosis  nine  times  as  great  in  cases  of  chronic  tuber- 
culosis  and  six  times  as  great  in  non-tuberculous  cases  as  at  the 
Presbyterian  Hospital,  certainly  suggests  a  definite  racial  sus- 
ceptibility. However  we  hesitate  to  form  any  conclusion  on  this 
point  because  a  careful  study  of  the  cases  at  the  two  institutions, 
which  brings  us  to  the  third  possible  predisposing  factor,  shows 
that  the  types  of  patients,  especially  those  of  chronic  tuberculosis, 
admitted  to  the  two  institutions  differ  very  materially. 

The  patients  coming  to  autopsy  from  the  tuberculosis  division 
of  Montefiore  Hospital  show  as  a  rule  far  advanced  pulmonary 
tuberculosis  of  long  duration  (a\erage  of  those  coming  to  autopsy, 
three  years  and  four  months  ) .  At  the  Presbyterian  Hospital  the 
cases  of  chronic  pulmonary  tuberculosis  give  a  history  usually  of 
short  duration  ( average  of  those  coming  to  autopsy,  nine  months). 
While  we  have  included  in  the  fifty  Presbyterian  Hospital  cases 
only  those  which  were  obviously  chronic  with  cavity  formation  in 
lungs,  or  extensive  bone  lesions,  we  do  not  think  that  the  compar- 
ison between  these  and  the  Montefiore  cases  is  altogether  satis- 
factory. 

In  order  to  settle  conclusively  the  question  of  a  racial  sus- 
ceptibility it  will  be  necessary  to  obtain  statistics  from  an  institu- 
tion recei\-ing  non-Jewish  patients,  more  nearly  of  the  type  found 
at  Montefiore  Hospital. 

The  experimental  work  of  Davids(jhn  and  others,  who  have 
shown  that  certain  strains  of  mice  and  rabbits  are  much  more  sus- 
ceptible than  others  to  the  development  of  amyloidosis,  is  at  least 
suggesti\e  in  this  connection. 

The  tentative  conclusions  from  this  brief  review  of  twenty- 
seven  cases  of  amyloidosis  seen  in  New  York  among  nineteen 
hundred  and  fi\'e  autopsies  are  as  follows : 

I.   The  influence  of  nationality  upon  the  incidence  of  amy- 
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loidosis   is   negligible.      That   the   condition   is   less  common   in 
America  than  in  Europe  is  doubtful. 

2.  A  predisposition  to  amyloid  disease  on  the  part  of  Hebrews 
is  suggested,  though  not  proved,  by  the  high  incidence  observed 
at  Montefiore  Hospital. 

3.  The  most  important  factor  in  determining  the  incidence  of 
amyloidosis  in  any  hospital  is  the  type  of  patient  admitted.  Tu- 
berculosis of  long  standing,  involving  extensive  tissue  destruction, 
is  the  condition  most  often  associated  with  amyloidosis  (70  per 
cent,  in  our  cases). 

(b)     REPORT    OF    CASE    WITH    AMYLOID-LIKE    DEPOSITS    IN    ORGANS 

In  eight  of  the  nine  cases  of  amyloidosis  observed  at  2\Ionte- 
fiore  Hospital,  and  in  all  of  the  eighteen  cases  at  the  Presby- 
terian Hospital  and  the  College  of  Physicians  and  Surgeons,  the 
amyloid-containing  organs  showed  the  usual  reaction  with  iodine. 
In  one  of  the  ^lontefiore  cases,  however,  the  reaction  was  entirely 
negative. 

The  case  was  that  of  a  young  man.  twenty  years  old,  who  had  shown 
symptoms  of  pulmonary  tuberculosis  for  two  years :  cough,  e.xpectoration. 
hemoptj'sis,  afternoon  fever,  etc. 

At  autopsy  lungs  showed  extensive  tuberculous  lesions  with  numerous 
cavities  in  right  lung.  Spleen  weighed  800  grams,  was  hard  and  on  section 
presented  the  picture  of  a  typical  "  sago  "  organ.  The  liver  weighed  2.200 
grams,  was  very  firm  and  friable  and  showed  the  characteristic  bacon-like 
translucency.  In  the  kidneys  no  striking  gross  changes  were  apparent.  The 
adrenals  were  rigid  as  though  preserved  in  formalin. 

Microscopical  Examination:  In  the  spleen,  liver,  adrenals  and 
glomeruli  of  kidneys  an  extensive  deposition  of  a  hyaline  pink- 
staining  material  was  found,  which  presented  the  distribution 
characteristic  of  amyloid. 

Application  of  iodine  to  the  gross  specimen,  as  stated  above, 
gave  no  reaction.  Negative  results  were  likewise  obtained  with 
methyl-green  and  iodine-green.  Methyl-violet  gave  in  places  a 
very  faint  reddish  tinge  which  appeared  to  be  more  pronounced 
in  the  hyaline  material  in  immediate  proximity  to  the  blood  vessels. 
This  faint  staining  was  clearly  seen  in  the  liver  sections.     The 
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tests  were  applied  on  fresh  tissue  and  on  specimens  fixed  for  a 
short  time  in  formahn.  Some  of  the  sections  were  first  treated 
with  weak  acetic  acid  in  order  to  neutrahze  any  alkah  present. 

There  seems  httle  doubt,  therefore,  that  we  are  concerned  here 
either  with  deposits  of  an  incomplete  amyloid  material  or  a  gen- 
eral hyalinosis,  a  condition  not  recognized  by  those  who  have 
worked  in  this  field.  It  has  been  clearly  demonstrated  by  David- 
sohn  and  others  in  the  experimental  amyloidosis  of  mice  and 
rabbits  that  there  are  at  least  two  stages  in  the  development  of 
amyloid.  In  the  earlier  stage  the  deposits  do  not  give  the  usual 
reaction.  The  reaction  with  the  methyl-violet  group  of  dyes 
appears  first,  usually  in  the  spleen.  The  iodine  reaction  is  ob- 
tained later.  Only  the  completely  finished  product,  which  is 
found  rarely  in  organs  other  than  the  spleen  and  liver,  gives  the 
iodine-sulphuric  acid  reaction.  In  the  present  case  such  an  ex- 
tensive deposition  would  suggest  a  late  rather  than  an  early  stage. 
It  is  possilile,  however,  that  there  may  have  been  a  very  rapid 
formation  and  deposition  of  the  incomplete  amyloid  during  the 
last  few  weeks  of  the  patient's  life,  and  that  sufficient  time  had 
not  elapsed  for  its  complete  development.  So  far  as  we  have 
been  able  to  find  out  no  case  like  this  one,  with  such  extensive 
deposits  giving  none  of  the  usual  reactions,  has  been  described. 
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REPORT  ON  TWO  FORMS  OF  CARDIAC 
ABNORMALITY 

HENRY  A.   RILEY,   M.D. 

{From  the  Department  of  Pathology  of  the  College  of  Physieians  and  Sur- 
geons and  the  Neiv  York  Nursery  and  Child's  Hospital) 

The  study  of  the  two  hearts  which  form  the  basis  of  this 
report  is  presented  more  with  the  idea  of  placing  the  results  on 
record  than  of  giving  in  connection  with  it  any  extended  discus- 
sion of  the  anatomical  or  pathological  features  of  the  organs.    The 
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material  was  obtained  from  the  Pathological  Laboratory  of  the 
New  York  Nursery  and  Child's  Hospital.  During  the  past  year 
we  have  met  with  almost  all  the  common  types  of  cardiac  abnor- 
malit}-  and  in  addition  we  have  found  three  conditions  of  more 
than  usual  interest : 

(a)  Complete  transposition  of  the  arterial  trunks. 

(b)  Complete  absence  of  the  interventricular  septum. 

(c)  Aortic  atresia  and  rudimentary  left  ventricle. 

The  first  two  will  be  shown  at  this  meeting;  the  third  will  be  made 
the  subject  of  a  separate  report  at  some  later  date. 

COMPLETE  TR.XNSPOSITION   OF  THE   .\RTERIAL   TRUNKS 

Case  I.  Pnfhology. — In  this  case,  we  find  the  ventricular 
portion  of  the  heart  to  be  normal  in  all  its  features:  position,  size, 
and  composition  of  its  costo-chondral  surface.  The  heart  is  nor- 
mally divided  by  its  interventricular  groove.  The  right  ventricle 
externalh'  appears  somewhat  larger  than  the  left  and  forms  the 
apex  of  the  heart,  but  u])i:in  opening  tlie  organ,  we  find  that  the 
cavity  of  the  left  ventricle  is  larger  than  that  of  the  right.  The 
walls  of  the  right  ventricle  are  thicker  than  those  of  the  left.  The 
auriculo-\'entricular  valves  are  thin,  delicate,  and  present  extra 
flaps;  the  right  auricido-ventricular  (irifice  being  guarded  Ijy  a 
valve  which  presents  four  flaps,  the  left  auriculo-ventricular  orifice 
by  a  valve  with  three  flaps.  The  auricles  are  normally  formed 
and  separated  from  one  another  and  tliere  are  no  defects  in  the 
interauricular  septum.  The  foramen  ovale  is  still  patent  along 
its  anterior  border. 

The  great  vessels  present  a  condition  of  complete  transposi- 
tion, the  aorta  arising  from  the  right  \'entricle,  the  pulmonary 
artery  from  the  left.  They  emerge  from  the  heart  in  an  almost 
directly  transverse  plane  close  together  and  near  the  anterior  aspect 
of  the  heart.  They  both  pass  upward  and  somewhat  backward. 
The  aorta  then  sweeps  to  the  left  and  posteriorly  o\'er  the  bifurca- 
tion of  the  pulmonary  artery,  giving  ofi  its  three  great  vessels 
from  its  superior  aspect.  The  inferior  aspect  of  the  vessel  re- 
ceives the  ductus  arteriosus  which  is  comparatively  long,  twisted, 
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and  patent.  The  aorta  then  passes  over  the  root  of  the  left  lung. 
The  puhnonary  artery  passes  upward  and  backward  under  cover 
of  tlie  aorta  and  dixides  into  three  vessels,  the  ductus  arteriosus. 


Photographs  of  reconstructions  of  tlie  cardiac  apparatus  in  three  cat 
embryos — 7.  9.  11  mm. — in  length,  showing  the  effect  of  torsion  on  the  truncus 
arteriosus  and  the  division  of  that  vessel  into  the  aorta  and  the  puhiionary 
artery. 

Fig.  I.     7  mm.  cat  embryo,     a,  right  auricle;  b,  left  auricle;  c.  common  arte- 
rial trunk;  d,  interventricular  septum;  c.  right  ventricle;  /,  left  ventricle. 


which  arises  slightly  to  the  left  of  the  bifurcation,  and  the  two 
pulmonary  arteries.     The  coronary  arteries  are  derived  from  the 
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aorta.     The  semilunar  valves  are  normal  both  in  number  and 
arrangement  as  are  also  the  pulmonary  veins. 

In  this  case  we  have  an  arrest  of  torsion  of  the  great  vessels 
whereby  the  orifice  of  the  aorta  remains  on  the  right  side,  that  of 
the  pulmonary  artery  on  the  left.     The  interventricular  septum. 


Fig.  2.     9  mm.  cat  embryo,     c,  common  arterial  trunk.     The  truncus  shows 
here  the  effect  of  the  torsion. 

rising  from  below  and  coming  in  contact  with  the  septum  trunci, 
establishes  connection  between  the  aorta  and  the  right  ventricle, 
and  the  pulmonary  artery  and  the  left  ventricle.  The  difificult 
thing  to  reconcile  with  this  course  of  events  is  that  in  this  case 
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the  ventricles  have  obeyed  the  tendency  to  rotate  and  have  taken 
up  tlieir  normal  position,  whereas  the  truncus  which  is  supposed 
to  obey  the  same  factors  in  its  rotation  has  completely  ignored 
these  factors  and  has  remained  unrotated. 

Transposition  of  the  Arterial  Trunks. — According  to  the  teachings  of 
Rokitanskj",  transposition  of  the  great  vessels,  Rechtslage  of  the  aorta,  as 
well  as  certain  types  of  developmental  stenosis  of  the  aorta  and  pulmonary 
artery,  are  due  to  irregularities  in  the  formation  of  the  septum  within  the 
aortic  bulb  and  to  its  malunion  with  the  interventricular  septum. 

Types. —  (a)  Complete  transposition  in  which  tlie  vessels  arise  from  the 
ventricle  to  which  they  do  not  normally  belong. 

(b)  Corrected  transposition  in  which  the  vessels  arise  from  the  proper 
ventricle  but  present  an  inverted  relationship  to  each  other. 

((-)   Partial  transposition. 

In  studying  these  conditions  it  is  necessary  for  us  to  keep  in  mind  the 
processes  through  which  the  heart  passes  in  its  development  in  order  that  we 
may  understand  the  anomalies  which  arise  through  arrest  of  development 
or  perverted  development.  In  order  that  these  factors  may  be  clear  in  our 
minds,  it  may  be  well  for  us  to  review  the  steps  in  the  development  of  these 
structures. 

As  will  be  remembered,  the  primitive  heart  tube  in  its  growth  becomes 
twisted  upon  itself  in  the  shape  of  the  letter  S,  the  venous  end  being  situated 
posteriorly  and  to  the  left  in  the  position  where  the  auricles  will  develop ;  in 
front  of  the  venous  end  of  the  heart  tube  lies  the  ventricular  portion  and 
passing  upward  mesially  and  cephalad  from  the  ventricular  portion  lies  the 
common  arterial  trunk.  There  are  two  fixed  points  to  be  considered  in  order 
that  we  may  understand  the  process  of  torsion  which  is  to  determine  the 
picture  in  the  truncus :  the  first,  where  the  venous  end  of  the  heart  enters 
the  pericardial  sac ;  the  second,  where  the  arterial  trunks  leave  the  pericardial 
sac.  Continued  growth  within  the  pericardial  sac  along  the  direction  already 
initiated  by  the  S-shaped  tube  produces  a  torsion  of  l8o  degrees  of  the 
common  truncus  by  which  the  relationship  of  the  adult  aorta  and  the  pul- 
monary artery  is  produced :  this  torsion  is  from  the  left  to  the  right.  By  the 
time  that  this  torsion  has  begun  to  make  itself  felt,  the  process  of  separation 
between  the  aorta  and  pulmonary  artery  has  been  initiated.  This  separation 
is  produced  by  the  appearance  within  the  cavity  of  the  truncus  of  two  sets 
of  ridges  which  according  to  their  relationship  with  the  ventricle,  are  called 
pro.ximal  and  distal.  The  proximal  set  of  two  may  be  called  ridges  A  and  B, 
and  a  distal  set  of  four,  ridges  i,  2,  3  and  4.  The  result  of  the  external 
forces  of  rotation  or  torsion  on  these  ridges  is  the  assumption  bj-  them  of 
a  spiral  twist  as  they  pass  toward  the  heart  along  the  interior  of  the  tube. 
This  spiral  twist  takes  a  clockwise  direction  from  above  downward  and  to 
the  right:  on  the  exterior  of  the  tube  can  be  found  furrows  which  corre- 
spond to  the  internal  ridges. 

We  will  now  follow  in  some  detail  the  origin  of  the  tw'o  sets  of  ridges 
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and  their  behavior  in  dividing  the  tube  into  the  two  large  vessels.  The  ridges 
arise  on  sides  of  the  tube  opposite  one  another ;  the  ridges  A  and  B  in  the 
lower  half,  the  ridges  I.  2.  3  and  4  in  the  upper  half,  of  the  truncus.  They 
are  so  arranged  that  as  they  spiral  downward  in  a  clockwise  direction  one 
ridge  of  the  proximal  set  meets  an'd   fuses  with  one  ridge  of  the  distal  set 


Fig.  3.  II  mm.  cat  embryo,  g,  aorta;  k.  pulmonary  artery:  i.  ductus 
arteriosus.  Complete  separation  of  tlie  truncus  into  the  aorta  and  the  pul- 
monarv  artery. 


on  either  side  of  the  tube.  We  have  thus  in  the  composition  of  each  ridge 
three  parts;  one  horn  of  the  septum  aorto-pulmonalis  (will  be  described  in 
detail  later)  ;  one  of  the  ridges  i  and  3  and  one  of  the  ridges  A  and  B. 
Ridges  I  and  3  are  large,  2  and  4  are  small. 
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Prior  to  this  there  has  been  a  separation  of  tlie  fourth  and  sixtli  aortic 
arches  external  to  the  pericardial  sac  into  what  will  later  become  the  adult 
aorta  and  pulmonarj-  artery.  This  so-called  septum  aorto-pulnionalis  now 
invades  the  portion  of  tlie  truncus  which  lies  within  the  pericardial  sac  and 
adds  itself  to  the  factors  producing  a  separation  between  the  two  vessels. 
We  now  have  the  two  sets  of  ridges,  A  and  B,  and  i,  2.  3  and  4.  and  the 
septum  aorto-pulmonalis.  This  septum  pushes  forward  its  two  horns  which 
thus  enclose  between  them  a  free  sickle-shaped  edge  and  finally  effects  a 
junction  with  ridges  i  and  3.  which  in  turn  becomes  continuous  with  ridges 
A  and  B.  The  process  thus  initiated  progresses  slowly,  the  sickle-shaped  free 
margin  passes  caudally.  The  ridges  become  thicker  and  thicker  until  they 
fuse  from  above  downward  and  the  two  vessels  become  completely  separated. 
Through  the  spiral  arrangement  of  the  ridges  we  now  have  two  curving  tubes 
which  looked  at  from  above  present  a  pulmonary  artery  passing  forward  and 
to  the  right,  and  an  aorta  passing  posteriorly  and  to  the  left  closely  applied 
and  wrapped  about  one  another. 

At  a  somewhat  later  time  the  vessels  become  independent  througli  their 
separation  b\-  the  external  furrows  which  corresponded  to  the  internal  ridges. 
Having  now  seen  the  single  trunk  divided  into  two  separate  vessels,  we  can 
follow  the  development  of  the  semilunar  valves.  Through  the  fusion  of 
ridges  i  and  3  each  vessel  contains  one  half  of  each  fused  ridge  and  in 
addition  the  smaller  ridge  which  lies  between  tlie  larger  ridges.  The  aorta 
contains  ridge  2.  the  pulmonary  arter}'  ridge  4 :  these  smaller  ridges  fade 
away  distally  but  in  the  region  of  the  junction  with  the  ventricle  they  enlarge 
and  become  hollowed  out,  forming  one  of  the  semilunar  valves ;  the  other  two 
valves  are  formed  through  similar  processes  taking  place  in  the  halves  of 
ridges  I  and  3  left  in  each  vessel. 


Diagram  to  illustrate  the  formation  of  the  semilunar  valves  which  develop 
by  the  hollowing  out  of  the  lowermost  extremities  of  the  ridges  i,  2.  3  and  4. 
The  diagram  also  illustrates  how  ridges  l  and  3  participate  in  the  formation 
of  valve-flaps  in  both  the  aorta  and  pulmonary  artery. 

The  two  vessels  now  open  into  the  ventricle  which  has  become  divided 
by  the  interventricular  septum  into  the  stnaller  right  and  the  larger  left  half. 
This  septum  grows  up  from  the  floor  and  both  anterior  and  posterior  walls 
at  the  same  time  so  that  it  presents  two  horns,  an  anterior  and  a  posterior, 
containing  between  them  a  free  sickle-shaped  border.  Meanwhile,  the  most 
inferior  portions  of  ridges  A  and  B  have  grown  forward,  joined,  and  have 
produced  what  we  call  the  proximal  bulb  septum.  Viewing  this  from  above, 
we  find  that  it  passes  from  the  right  superiorly  and  posteriorly  toward  tlie 


100 


HENRY    A.    RILEY 


left  anteriorly  and  inferiorly,  and  thus  sets  itself  in  a  warped  fashion  on  the 
interventricular  septum  which  is  growing  upward  to  fuse  with  it. 

The  anterior  cornu  of  the  septum  trunci  fuses  with  the  anterior  horn 
of  the  interventricular  septum,  while  the  posterior  cornu  of  the  septum  trunci 
spreads  out  on  the  posterior  ventricular  wall  and  fuses  with  the  right  ex- 
tremity of  the  posterior  endocardial  cushion  of  the  atrio-ventricular  canal. 
If  we  follow  the  boundaries  of  the  interventricular  foramen,  we  now  find 
them  as  follows :  starting  from  above  and  behind  we  have  the  warped  under 
surface  of  the  septum  trunci  leading  to  the  anterior  cornu  of  the  interven- 
tricular septum,  advancing  downward  along  the  anterior  wall  to  the  inferior 
sickle-shaped  intercornual  margin,  back  and  finally  upward  along  the  poste- 


Photographs  of  the  specimens  embodied  in  the  report. 

Fig.  4.     Complete  transposition  of  the  arterial  trunks.     (7.  aorta;  /',  pul- 


monary artery;  c,  right  ventricle;  d,  left  ventricle; 
carotid  artery  left ;  g,  left  subclavian. 


innominate  artery ;  /, 


rior  cornu  of  the  septum  to  the  right  extremity  of  the  posterior  endocardial 
cushion.  This  space  is  gradually  closed  in  by  downgrowth  of  the  septum 
trunci  and  upgrowth  of  the  interventricular  septum  until  they  meet  and  fuse. 

As  a  result  of  the  direction  of  the  septum  trunci  toward  the  right  end 
of  the  posterior  endocardial  cushion,  we  find  the  right  atrio-ventricular  open- 
ing close  to  the  septum,  the  left  separated  from  it  by  some  distance. 

Having  seen  the  mechanism  by  which  the  great  vessels  become  separated 
from  one  another,  it  is  a  comparatively  easy  matter  to  see  how  readily  anoma- 
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lies  of  the  arrangement  of  the  great  vessels  may  occur.  Rokitansky,  in  his 
schema  of  the  rotation  of  the  great  vessels,  distinguishes  two  main  groups 
according  to  whether  the  transposition  was  corrected  or  not  with  eight  sub- 
divisions in  each  group,  the  subdivisions  being  stages  in  the  spiral  twist  and 
the  form  that  the  transposition  would  take  in  each  subdivision  were  the  spiral 
arrested  at  that  point.  In  his  schema  A  we  find  the  transposition  is  cor- 
rected, for,  in  spite  of  tlie  altered  relation  between  the  two  great  trunks,  they 
are  connected  with  the  proper  ventricle  by  a  compensatory  twist  of  the  inter- 
ventricular septum.  In  schema  B  we  find,  however,  a  true  transposition  of 
the  trunks,  there  having  been  no  correction  and  the  trunks  being  connected 
with  the  wrong  ventricle.  The  behavior  of  the  interventricular  septum  deter- 
mines whether  correction  takes  place  or  not. 

Partial  Transposition. — This  is  relatively  infrequent,  but  it  exists  and 
results  in  the  large  vessels  arising  from  the  same  or  a  common  ventricle  and 
is  due  to  the  application  of  the  interventricular  septum  to  either  one  side  or 
the  other  of  the  large  vessels  instead  of  between  them.  In  such  cases  it  is 
the  rule  to  find  the  orifice  of  one  or  the  other  of  the  vessels  encroached  upon. 

An  anomalous  septum  may  cut  oflf  an  abnormal  cavity  as  an  origin  for 
the  two  vessels.  Unless  some  other  anomaly  is  present  and  persists,  com- 
plete transposition  is  incompatible  with  life,  for  we  have  the  lesser  circula- 
tion cut  ofif  and  transformed  into  a  closed  circulation.  This  deprives  the 
blood  of  any  opportunity  to  gain  access  to  the  greater  circulation  unless  it  is 
by  some  abnormal  channel  as  a  patent  ductus,  a  patent  foramen  ovale  or  a 
defect  in  the  interventricular  septum ;  correspondingl)-,  the  blood  in  the 
greater  circulation  fails  to  gain  access  to  the  lungs. 

Defects  of  the  Interventricular  Septum. — As  is  usually  the  case  with  car- 
diac lesions,  we  often  find  other  lesions  associated  with  defects  in  the  inter- 
ventricular septum,  the  great  vessels  being  often  affected.  This  is  readily 
understandable  when  we  consider  the  close  relationship  between  the  two 
sets  of  structures. 

Types:    (a)   Complete. 
(&)   Incomplete. 

If  complete  we  may  find  either  a  condition  known  as  cor  triloculare  bia- 
triatum  or  cor  biloculare,  depending  upon  the  presence  or  absence  of  the 
interauricular  septum.  In  association  with  the  latter  we  may  find  a  common 
auriculo-ventricular  orifice  and  an  undivided  truncus. 

These  defects  may  be  viewed  mainly  as  arrests  of  development  and  in 
the  majority  of  cases  may  be  explained  by  a  simple  schema  of  the  develop- 
ment of  the  interventricular  septum.  The  septum  develops  from  four  com- 
ponent parts : 

((7)    The  proximal  septum  trunci. 

(6)    The  anterior  horn  of  the  interventricular  septum, 
(f)    The  posterior  horn  of  the  interventricular  septum. 
(d)   The  intercornual  septum. 

(a)  Defects  in  the  septum  due  to  faulty  development  of  the  septum  trunci 
constitute  the  most  frequent  type.  The  defect  is  located  close  under  the 
orifices  of  the  great  vessels  and  occupies  the  area  known  as  the  "  unde- 
fended space  "  or  the  pars  membranacea. 
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(b)  Defects  due  to  the  failure  to  develop  of  the  anterior  horn  of  the 
interventricular  septum  are  located  in  front  of  the  pars  membranacea. 

(c)  Defects  due  to  failure  to  develop  in  the  posterior  horn  are  corre- 
spondingly located  behind  the  pars  membranacea. 


Fic.  5.  Complete  transposition  of  tlie  arterial  trunks,  a.  aorta;  b.  pul- 
monary artery;  c,  right  ventricle;  d,  left  ventricle;  e,  innominate  artery;  /, 
left  carotid  artery;  g,  left  subclavian;  k,  ductus  arteriosus;  1,  thymus;  /,  right 
auricle  ;  in,  left  auricle. 


(d)  Defects  due  to  faulty  development  of  tlie  intercornual  portion  may 
lie  at  any  point  in  the  septum,  but  they  are  more  usually  close  up  under  the 
pars  membranacea  and  are  due  to  failure  of  the  two  septa  to  join. 
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COMPLETE   ABSENCE   OF    THE   INTERVENTRICULAR    SEPTUM 

Case  II.  Pathology. — Externally  the  heart  is  quite  normal 
in  shape.  It  weighs  170  grams,  measures  8X7-5X6  cm.,  and 
has  a  fairl}-  well  defined  and  formed  apex.  There  is,  however,  no 
interventricular  groove  to  be  seen  and  no  indication  of  any  divi- 
sion into  two  ventricles.  The  great  vessels  appear  to  arise  from 
the  heart  on  almost  the  same  plane ;  the  aorta  from  the  right  side, 


Fig.  6.  Cor  triloculare  l^iatriatum.  a,  septum  trunci ;  b,  left  auricle ;  c, 
right  auricle ;  d,  left  ventricular  portion  of  common  ventricle ;  c,  right  ven- 
tricular portion  of  common  ventricle. 


the  pulmonary  artery  from  the  left  and  slightly  posterior  so  that 
we  have  here  also  a  case  of  transposition  of  the  vessels.  The 
vessels  are  cut  off  so  close  to  the  heart  that  their  further  course 
cannot  be  followed  but  so  far  as  we  can  see  there  is  no  indication 
«if  any  ductus.  Upon  opening  the  auricles,  we  find  that  the  right 
auricle  is  the  larger,  the  right  auriculo-\entricular  orifice  measur- 
ing 5  cm.  in  circumference:  the  left  auricle  is  smaller,  its  auriculo- 
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ventricular  orifice  being  3  cm.  in  circumference.  A  rough  esti- 
mate of  the  capacities  of  the  two  auricles  would  make  that  of  the 
right  three  times  that  of  the  left.  The  right  valve  presents  three 
flaps  and  se\eral  thickenings  varying  from  i  to  (>  mm.  in  size. 
T'le  left  valve  presents  two  main  flaps  which  are  broken  up  into 
a  number  of  smaller  ones  by  the  insertion  of  anomalous  chordae 
tendmea?.  The  interauricular  septum  forms  a  common  site  of 
origin  lor  both  \-al\'es  and  a  common  papillary  muscle  receives 
chorda;  from  each  of  these  valves. 

There  is  l>ut  a  single  ventricle  without  any  e\'idence  of  at- 
tempt at  division  in  two  by  an  inter\'entricular  seiituni.  The 
walls  are  thick  and  heavy  and  present  large  papillary  muscles  and 
columnre  carne.'c.  The  auriculo-ventricular  orifices  present  at  the 
posterior  part  of  the  ventricle,  the  orifices  of  the  great  vessels  at 
the  anterior  part  of  the  \entricle,  the  aortic  on  the  riglit,  the  pul- 
monary on  the  left.  These  orifices  are  separated  l)y  a  thick, 
heavy  band  of  muscle  fibers  passing  anteriorly  and  piisteriorly 
between  them  and  represent  the  proximal  septum  trunci. 

I  am  much  indebted  to  the  anatomical  department  of  the  Col- 
lege of  Physicians  and  Surgeons  for  permission  to  reproduce  the 
reconstructions  indicating  the  divisions  of  the  truncus  into  the 
aorta  and  the  pulmi.mary  artery. 

ADDITION.^L   CASE   REPORT 

Since  the  report  of  the  preceding  case  of  complete  transposition  of  the 
arterial  trunks,  it  has  been  our  good  fortune  to  find  another  instance  of  the 
same  pathological  condition.  The  two  hearts  are  almost  identical  and  present 
pictures  that  agree  in  every  essential  point.  In  the  second  instance  tlie  child 
lived  for  about  six  hours  after  birth.  There  was  a  great  deal  of  cyanosis 
affecting  particularly  the  extremities,  the  hands  and  feet  being  a  deep  indigo. 

Upon  opening  the  thorax  the  organs  were  found  to  be  intensely  engorged 
and  congested,  the  lungs  being  almost  black.  As  soon  as  the  pericardium 
was  opened,  the  transposition  was  recognized  and  the  organs  were  removed 
in  toto.  As  in  the  previous  case  the  aorta  arises  from  the  right  ventricle, 
passes  upward,  giving  off  the  great  vessels  from  its  convexity  and  receiving 
on  its  concavity  the  patent  ductus  arteriosus  as  it  passes  over  the  pulmonary 
artery.  The  pulmonary  artery  shows  the  same  arrangement  as  we  have  seen 
previously,  dividing  into  its  two  pulmonary  arteries  under  cover  of  the  aortic 
arch,  the  left  one  in  turn  giving  off  immediately  the  ductus  arteriosus. 

Upon  opening  the  right  auricle,  it  is  found  to  be  large  and  dilated;  the 
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foramen  ovale  is  patent  along  its  anterior  edge.  The  left  auricle  is  consid- 
erably smaller  than  the  right.  The  right  ventricle  presents  the  origin  of  the 
aorta.  Passing  posteriorly  and  slightly  to  the  right  behind  the  origin  of  the 
aorta  is  a  thick  heavy  band  of  muscle  fibers  which  represents  the  lower 
margin  of  the  primitive  septum  trunci.  It  serves  to  separate  the  aorta  and 
the  right  auricle  and  from  its  posterior  aspect  it  gives  origin  to  one  of  the 
flaps  of  the  tricuspid  valve.  The  origin  of  the  two  coronary  arteries  can  be 
seen  in  the  posterior  and  left  sinuses  of  Valsalva  of  the  aorta.  The  flaps  of 
the  mitral  and  tricuspid  valves  are  normal  in  structure  and  number.  The 
left  ventricle  presents  the  origin  of  the  pulmonary  artery  arising  anteriorly 
and  close  to  the  interventricular  septum.  The  interventricular  septum  pre- 
sents no  defects. 
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Discussion : 

Dr.  MacCallum  :  I  think  Dr.  Riley  has  covered  the  ground  pretty  thor- 
oughly. There  is  one  striking  point  in  this  connection  and  that  is  the  mathe- 
matical regularity  with  which  certain  principles  are  carried  out  in  transpo- 
sitions of  the  great  vessels.  In  making  out  his  schema  Rokitansky  was  able 
to  prophesy  anomalies  of  the  great  vessels  and  several  types  which  had  not 
been  reported  prior  to  this,  but  which  he  had  figured  as  possible  in  his  schema 
were  later  reported  by  different  observers.  A  good  deal  of  light  can  be 
thrown  on  this  subject  by  cutting  the  hearts  transversely  close  under  the 
great  vessels  to  show  the  disposition  of  the  aortic  and  interventricular  septa 
and  by  comparing  them  with  pathological  hearts'  cut  in  a  similar  fashion.  A 
better  idea  of  the  relationships  can  be  gathered  in  this  fashion  than  by  cutting 
the  heart  in  the  usual  fashion  through  the  valve  flaps. 

Dr.  Larkix  :  I  have  had  rather  an  interesting  anomaly  of  the  heart  re- 
cently. The  child  had  spina  bifida.  In  these  cases  anomalies  of  the  cardia 
are  not  infrequent.  The  child  presented  several  abnormal  conditions.  This 
abnormality  of  the  heart  has  never  before  been  described.  The  charts  of  Dr. 
Riley  give  an  idea  of  the  disposition  of  the  vessels.  In  my  case  the  aorta 
leads  directly  into  the  right  and  also  into  the  left  ventricle,  the  pulmonary 
artery  being  normal.  The  aorta  is  normal  until  the  base  of  the  heart,  where 
there  is  a  lack  of  the  septum.  The  aorta  is  bifurcating,  one  part  goes  to  the 
right  ventricle,  one  to  the  left. 

Dr.  Rilev  :  The  explanation  is  I  think  that  the  interventricular  septum 
comes  up  from  below  and  the  septum  trunci  comes  from  above ;  they  do  not 
meet  and  the  interventricular  septum  separates  the  aorta  into  two  parts. 

Dr.  Larkix  :  There  is  no  evidence  of  any  upper  septum  at  all. 

Dr.  Rilev  :  You  have  a  division  of  the  truncus  into  two  vessels. 

Dr.  Larkix  :  The  pulmonary  goes  into  the  right  ventricle,  the  aorta  into 
the  left.     There  is  no  abnormalitj-  of  the  pulmonary. 
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SOME    ATTEMPTS   TO    PRODUCE    EX- 
PERIMENTALLY  CONDITIONS   OF 
SYMPATHETICOTONUS,    VAGO- 
TONUS,    AND    HYPERTHY- 
ROIDISM • 

From  the  Department  of  Pathology.  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York 

Bv  Dr.  ABRAHAM  TROELL,  Stockholm.  Sweden 
Decent  of  Surgery 

IN  the  past  few  years,  the  question  of  the 
vegetative  nervous  system  and  the  duct- 
less glands  has  been  the  subject  of  un- 
usually active  study.  More  and  more 
the  important  part  played  by  these  sets  of 
organs,  in  physiology  as  well  as  in  patho- 
logy, has  been  properly  appreciated,  and 
those  investigators  concerned  particularly 
in  clinical  work  have  felt  that  there  were 
strong  reasons  for  considering  these  organs 
as  a  whole,  or  as  important  component  parts 
of  a  whole,  in  which  the  regular  function 
of  ever}.-  subsidiary  part  was  extremely  valu- 
able to  the  health  of  the  entire  organism, 
while  disorders  might  lead  to  a  pathological 
condition.  Abnormalities  at  one  point  might 
disturb  the  equilibrium  normally  existing 
between  the  sympathetic  and  vagus,  or 
between  various  groups  of  hormone-forming 
organs.  Clinically  such  a  condition  would 
reveal  itself  either  as  an  eo  ipso  more  or  less 
distinct  chsease  (such  as  exophthalmic  goiter), 
or  merely  in  the  form  of  less  striking  symp- 
toms, which,  on  account  of  other  simultaneous 
symptoms,  are  referred  to  entirely  different 
groups  (such  as  cholelithiasis). ^  In  \dew  of 
the  very  great  difficulties  often  encountered 

*  Received  for  publication ,  July  6,  igis. 

*  With  regard  to  the  nomenclature  there  is  not  yet  full  agreement. 
Some  distinguish  as  subdivisions  of  the  vegelalhe  nervous  system  (i.e. 
the  system  that,  independently  of  the  cerebrospinal  nervous  system, 
supplies  the  smooth  muscles,  glands,  etc.):  (i)  the  vagus  (the  autonomic 
system),  and  (2)  the  s>Tnpathelic  (the  sjTupathetic  system).  Some 
have  assigned — and  the  advantage  of  this  is  questionable — to  the  whole 
the  term  vegetative  or  autonomic  system,  which  latter  they  divided 
into  (i)  craniobulbar  and  sacral  portion  (including  the  vagus),  and 
(2).  a  thoracic  part  (sympathetic).  By  hormones  (Bayliss.  Starling) 
are  meant  the  chemical  products  secreted  by  the  ductless  glands  in 
their  regular  metaboHc  function.  See  Eppinger  and  Hess.  (Ztschr. 
f.  kiin.  Med.  1909.  Lvvii.  345;  igoQ.  Ixviii.  205);  K.  Petren  and  Thorling 
(Ztschr.  f.  klin.  Med.,  iqii.  Lctiii.  27);  Timme  (J.  Am.  M.  Ass..  1015. 
Ixiv.  321;  J.  Nerv.  &  Mental  Dis.,  1914,  xli,  745);  Thies  (Alilteil.  a. 
d.  Grenzgeb.  der  Med.  u.  Chir..  xxvii.  I9r4.  389:  igrs,  xxviii,  415) 
Biedi  (Innere  Secretion.  1913.  i,  210)  and  others. 


in  a  proper  interpretation  of  clinical  observa- 
tions, it  is  natural  that  attempts  have  been 
made  to  study  the  effect  of  the  removal  of 
one  of  the  glands  in  question,  for  example,  the 
thyroid,  or  of  supplying  the  organism  with  a 
hormone  or  with  some  substance  of  like  effect, 
such  as  adrenalin.  This  substance  was 
chosen  with  a  view  as  to  its  affinity  either 
for  the  sympathetic  or  for  the  autonomic 
nerve  system,  that  is,  as  to  whether  it  was 
sympatheticotonic  or  vagotonic.  It  has  thus 
been  possible  to  a  certain  extent  to  study 
either  the  sympatheticotonic  or  vagotonic 
symptoms  of  diseases. 

There  is,  however,  another  possible  mode 
of  producing  sympatheticotonic  or  vagotonic 
conditions,  at  least  in  theory.  It  is  based  on 
experiments,  made  chiefly  during  a  period 
of  several  years,  by  Langley,^  in  order  to 
determine  the  possibility  of  an  anatomical 
and  functional  union  of  nerves  of  different 
kinds,  by  resorting  to  suture.  Flourens-, 
Forssman '  Ballance,^  and  others,  proved 
that  the  central  end  of  one  nerve  might  make 
functional  union  with  the  peripheral  end  of 
another  nerve  of  similar  kind,  for  instance, 
the  accessorius  with  the  faciaHs.  Langley 
and  Anderson^  showed,  by  systematic  com- 
binations covering  practically  every  possible 
variation,  that  such  a  union  between  the 
central  end  of  one  nerve  and  the  peripheral 
end  of  another,  regardless  of  the  character 
of  the  nerves,  was  nearly  always  a  possibility. 

In  this  series  of  experiments,  Langley  and 
Anderson  performed  the  following  operation 
on  a  cat.     The  phrenic  and  sympathetic  on 

^  Langley's  (J.  of  Physiol,  1904,  xxxi.  365)  object  was  chiefly  to  obtain 
"functionally  united"  nerve-ends,  to  study  the  physiological  aspect, 
in  other  words,  and  not  to  touch  upon  the  histological  process.  He 
merely  wanted  to  get  two  nerve-ends  to  grow  together  after  suture,  in 
such  a  manner  that  the  new  (mixed)  nerve  becomes  a  functioning  whole 
replacing  the  original  nerve  communication.  He  regards  as  of  minor 
importance,  in  this  connection,  the  question  as  to  how  the  nerve-ends 
grow  together:  whether  the  fibers  of  both  the  proximal  add  distal 
remnants  cooperate  actively  (the  coalescence  theory)  or  whether  only 
the  axial  cyUnders  of  the  former  expand  peripherally  (the  outgrowth 
theory).  Langley's  investigations  were  carried  on  before  the  revealing 
of  the  altogether  new  outlook  and  possibilities  of  progress  that  resulted 
from  our  having  succeeded  in  cultivating  tissues  i>t  vilrt^  and  in  observing 
directly  and  in  detail  the  manner  in  which  living  cells  grow  and  are 
regenerated.  On  this  subject,  see  Harrison  (Neue  Versuche  u.  Beob. 
liber,  d.  Entwicklung  der  periph.  Nerven  der  Wirbeltiere.  Bonn,  1004; 
Anat.  Rec,  1907,  vii,  116):  Lewis  and  Lewis  (Anat.  Rec  v,  p.  227; 
vi,  p.  7,  ro5,  207;  J.  Exp.  Med.  igi2,  xv,  397;  xvi,  421,  1913;  xviii, 
412):  recapitulatory  articles  by  Cushing  (Johns  Hopkins  Hosp.  Bulj. 
1905,  xvi,  77:  igio,  xxi,  325)  and  F.  Henschen.  (Hygiea,  1914,  btxvi, 
nor). 

*  Ann.  d.  Sc.  nat.,  1828,  iii,  113.  (cit.  J.  Physiol.,  1904,  xxxi,  365,) 
'  Ziegler's  Beitr.  2.  path.  Anat.,  1898,  xxiv,  56. 

*  Lancet,  Lond.,  1902,  i,  379,  591. 

*  J.  of  Physiol..  r897.  xxii,  215;  1898,  xxiii,  240:  1904,  xxx,  439;  t904, 
xxxi,  365,  418. 


the  left  side  of  the  animal's  neck  were  cut. 
The  proximal  end  of  the  former  ner\'e  was 
sewn  to  the  distal  end  of  the  latter,  and  the 
proximal  end  of  the  latter  to  the  distal  end 
of  the  former.  On  the  right  side,  the  lower 
half  of  the  cen,'ical  sympathetic  was  excised. 
The  visible  consequences  of  these  steps  were: 
equal  paralytic  effects  on  the  two  sides  of  the 
head  for  about  two  months  (in  the  eye  a 
constriction  of  the  pupil,  etc.).  These 
changes  then  gradually  diminished  on  the 
left  side.  After  197  days,  still  a  difference 
was  noticeable  between  the  paralytic  symp- 
toms on  both  sides,  and  while  electrical 
stimulation  of  the  left  cer^-ical  sympathetic 
immediately  below  the  superior  ganglion 
produced  the  customary  effect  in  the  cor- 
responding eye  (dilatation  of  the  pupil,  etc.), 
notliing  resulted  from  a  stimulation  of  the 
right  cervical  sympathetic.  Similar  experi- 
ments were  made  on  two  other  cats.  Langley 
and  Anderson  point  out  en  passant  that  at 
no  time  was  any  change  observable  in  the 
nictitating  membrane,  eyelids  or  pupil,  to 
correspond  with  respiration. 

The  last  mentioned  method  of  experiment 
may  be  of  interest  in  quite  another  con- 
nection than  that  which  Langley  and  Ander- 
son had  in  mind.  Under  normal  conditions 
the  phrenic  ner\x  is  the  path  over  which 
automatic  impulses  constantly  pass  to  the 
diaphragm.  Therefore,  if  it  were  possible 
to  transmit  and,  as  it  were,  accumulate  to 
the  sympathetic  nervous  system,  for  any 
length  of  time,  the  stimuli  which  are  con- 
ducted from  the  central  nervous  system  to 
the  periphery  through  this  nerve,  it  might 
be  possible  also  in  this  way  through  the 
mediation  of  a  sympatheticotonic  condition 
to  produce  changes  in  the  organism  similar 
to  the  diseased  conditions  that  may  be 
conjectured  to  be  partly  due  to  mental  emo- 
tions. At  any  rate  there  would  be  sufficient 
ground  for  ascertaining  whether  an  anas- 
tomosis experimentally  produced  and  of 
some  duration,  between  the  central  end  of 
the  phrenic  and  some  point  of  the  sympathetic 
or  vagus,  could  result  in  general  alterations 
of  the  organism. 

A  short  preliminary  report  of  an  investiga- 
tion of  this  nature  has  just  been  pubhshed  by 


Cannon,  Binger,  and  Fitz.'  They  formulate 
the  object  of  their  investigations  as  follows: 
"Interest  in  the  bodily  changes  during  or 
following  emotional  excitement  led  us  to 
inquire  concerning  the  nature  of  certain 
diseases  often  reported  as  having  emotional 
origin.  We  proceeded  on  the  theory  that 
repeated  emotional  experiences  might  lower 
a  naturally  high  neurone  threshold  and  thus 
result  in  frequent  stimulation  of  parts  which 
normally  are  only  occasionally  roused  to 
special  activity."  In  these  experiments  the 
anterior  root  of  the  phrenic  on  a  cat  "was 
fused  with"  the  right  sympathetic  cord  of 
the  neck.  Thus,  after  regeneration,  "there 
was  delivered  to  neurones  in  the  superior 
cervical  ganglion  a  volley  of  impulses  every 
time  the  animal  breathed."  The  first  results 
of  these  experiments  were  made  known  in  a 
lecture  by  Cannon  late  in  the  autumn  of 
1 9 14.  At  that  time  four  animals  had  been 
under  observation  for  about  five  months  after 
the  nerve  operations,  all  of  which  appeared 
now  to  present  more  or  less  evidence  of  hyper- 
thryoidism  concerning  which  I  shall  speak 
later. 

Cannon's  report  was  undeniably  of  great 
interest.  If,  as  he  claimed,  it  was  possible 
to  obtain,  through  a  "hyperstimulation"  of 
one  sympathetic  brought  about  in  the  way 
described,  the  same  symptoms  that  char- 
acterize Graves'  disease  in  human  beings,  a 
very  profitable  mode  of  study  and  interpre- 
tation of  this  disease  would  thus  be  opened 
up. 

At  the  time  of  Cannon's  announcement,  I 
was  in  Professor  MacCallum's  laboratory  in 
New  York  (Department  of  Pathology,  Col- 
umbia University),  engaged  in  investigations 
in  the  same  field.-  I  was,  therefore,  very 
glad  to  take  advantage  of  the  latter's  sug- 
gestion to  repeat  Cannon's  experiments  with 
certain  modifications  —  to  unite  in  the  neck 
the  proximal  end  of  the  phrenic  nerve  with 
that  portion  of  the  sympathetic  or  vagus 
respectively  that  goes  downward  to  the 
thorax.  In  order  to  escape,  as  far  as  the 
vagus  is  concerned,  the  disturbing  influence 
on    the   heart   of   a   possible   direct   chronic 

'  Am,  J.  Physiol..  1915.  xxxvi,  363. 

■^  Some    .Attempts    to    Produce    Exophthalmos    experimentally.     (In 
press.) 


irritation  of  the  vagus  fibers  going  to  that 
organ,  I  considered  it  more  advisable  to 
perform  the  anastomosis  of  the  nerves  down 
in  the  thorax,  right  over  the  diaphragm. 
The  technique  would  be  somewhat  com- 
plicated by  this  change,  but  it  would  involve 
the  consequence  of  placing  a  greater  portion 
of  the  sj'mpathetic  or  autonomic  ner\-ous 
system  in  a  condition  of  stimulation  than  was 
the  case  m  Cannon's  union  of  the  phrenic 
with  the  part  of  the  cer\-ical  sympathetic 
ascending  into  the  head. 

Therefore,  I  performed  a  number  of  opera- 
tions on  the  neck,  in  which  one  phrenic  and 
one  sympathetic  were  severed  and  then 
sewed  together,  so  that  the  proximal  end  of 
the  former  was  connected  with  the  distal  end 
of  the  latter,  immediately  under  or  right  at 
the  superior  cer\-ical  gangUon;  phrenic  im- 
pulses of  central  origin  would  then  chiefly 
influence  the  smooth  muscles  of  the  orbit 
and  eye.  I  performed  a  second  series  of 
operations  in  the  thorax  and,  after  cutting 
ofl'  the  proper  nerve-trunks,  united  the 
proximal  end  of  the  phrenic  with  the  distal 
(directed  toward  the  abdominal  cavity) 
end  of  the  sympathetic  or  vagus.  A  detailed 
report  of  these  experiments  is  given  at  the 
end  of  this  paper. 

Besides  the  three  cases  discussed  in  the  first 
series  of  cases  which  were  operated  upon  on  Decem- 
ber 9,  1914,  December  12,  1914,  and  March  5,  1915, 
respectively,  five  other  animals  (dogs,  cats,  rabbits) 
were  similarly  treated.  But  there  would  be  no 
special  interest  in  a  statement  of  their  cases  here, 
as  they  died  within  three  weeks  after  the  operation, 
without  having  shown  any  other  characteristic 
symptoms  beyond  the  constriction  of  pupil,  pal- 
pebral fissure,  etc.,  which  are  regular  signs  of 
sympathetic  paralysis.  Causes  of  death  were: 
narcotic  intoxication,  pneumonia,  infection,  post- 
operative hemorrhage.  About  3  cm.  of  the  sympa- 
thetic were  always  excised  before  the  nerve  suture 
was  made. 

Of  the  14  thoracic  cases  in  the  second  series  of  cases, 
Xos.  I  to  6,  12,  and  13  were  operated  on  December 
10  to  29,  1914,  the  others,  January  2  to  April  3, 
191 5.  In  addition  operations  were  made  on  five 
animals  who  died  within  i  to  10  days.  The  cause 
of  death  in  all  these  cases  was  infection  following 
the  operation.  In  one  case  the  infection  started 
from  the  tracheotomy  wound  and  was  combined 
with  general  emphysema.  All  the  animals  were 
anaesthetized  by  intratracheal  insufflation  by  the 
Meltzer-Auer    method.     The    technique    was    not 


entirely  the  same  for  dogs  as  for  cats.  In  the 
case  of  the  former,  after  general  narcosis  had  been 
brought  about  in  the  regular  way,  intubation  per 
OS  was  easy  with  a  half-rigid  catheter.  But  with 
cats  this  method  presented  such  great  difficulties 
that  I  preferred  carrying  out  a  tracheotomy  first 
and  then  inserting  a  tube  through  the  tracheal 
wound.  The  tracheal  wound  was  always  closed  after 
performing  the  nerve-anastomosis  in  the  thorax. 
Never,  except  in  the  case'  described  above,  did  it 
cause  any  complications.  The  thoracotomy  was 
usually  performed  in  the  seventh  or  more  commonly, 
the  eighth  interspace.  After  carefully  stopping 
the  haemorrhage  in  the  soft  parts,  a  self-retaining 
retractor  was  inserted  and  its  blades  separated 
widely.  The  lower  lobe  of  the  lung  was  pushed 
up  and  kept  away  from  the  field  of  operation  by  a 
gauze  compress.  To  make  possible  a  union  of  the 
phrenic  and  sympathetic,  it  was  often  necessary 
in  order  to  mobilize  a  sufiiciently  large  section  of 
the  sympathetic,  to  cut  one  of  the  sympathetic 
roots.  AH  nerve-sutures  were  made  end-to-end 
with  very  fine  silk  on  a  fine  needle.  Before  closing 
the  thoracic  cavity  it  was  in  some  cases  filled  with 
a  physiological  salt  solution  so  that  the  lung  sub- 
sequently might  regain  its  normal  volume  with  less 
difficulty;  but  the  general  post-operative  condition 
of  the  animals  showed  no  resulting  improvement 
from  that  modification.  As  a  rule  the  animals 
recovered  quickly  and  seemed  quite  well  3  or  4 
days  later. 

Before  taking  up  a  discussion  of  the  various 
details  in  the  report  of  the  experiments,  it 
may  be  well  to  consider  the  length  of  time 
during  which  the  animals  were  observed  after 
operation,  as  well  as  the  purely  anatomical 
vie\vpoints  of  the  question  of  regeneration  at 
the  sutured  nerve-ends. 

Although  the  time  elapsing  between  the 
suturing  of  the  nerves  and  the  carrying  out 
of  the  final  investigations  was  never  very  long 
(the  shortest  period,  20  days,  Case  3;  the  long- 
est, 175  days,  Case  B),  for  any  animal,  it  may 
still,  on  the  whole,  have  been  long  enough  to 
enable  the  nerve-communication  to  be  re- 
stored. In  one  of  his  experiments  on  cats, 
Langley'  found  that  after  112  days  the  proxi- 
mal end  of  the  phrenic  and  the  distal  end  of  the 
sympathetic,  which  had  been  sewed  together 
on  the  neck,  had  united  so  completely,  that 
electric  stimulation  of  the  nerve  proximal 
to  the  point  of  suture  produced  the  customary 
effect  of  sympathetic  stimulation  (dilatation 
of  the  pupil,  constriction  of  arteries  in  the 
ear,  etc.).     A  result  similar  in  principle  was 

'  J.  Physiol,  1904,  xxxi,  365. 
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obtained  by  him  within  a  month  after  sewing 
together  the  vagus  and  sympathetic  on  the 
neck.' 

With  regard  to  the  heaUng  up  at  the  nerve 
suture-place  in  my  cases  I  noticed  as  a  rule, 
a  distinct  macroscopic  difference,  depending 
on  the  age  of  the  nerve  anastomosis.  In 
Cases  I,  2,  3,  and  8  (84,  45,  20  and  70  days, 
respectively  after  operation),  the  place  of 
suture  made  the  impression  of  a  callous-Hke 
swelUng;  in  Cases  A,  B,  4,  6,  7,  g,  10,  11 
(i3i>  175,  io7>  100,  57,  27,_  87,  64,  days 
respectively  after  operation),  it  was  smooth 
and  slim  and  impossible  to  distinguish  with 
the  naked  eye.  But  it  must  be  noted  that 
in  the  last  three  cases  it  was  with  the  vagus 
that  the  phrenic  had  been  sewed  (cases  9, 
10,  and  11),  thus  suggesting  that  these  more 
closely  related  nerves  are  more  quickly 
healed  than  when  phrenic  and  sympathetic 
are  united. 

The  fact  that  nerves  of  similar  or  identical  nature 
really  have  a  very  great  tendency  to  heal  together 
is  shown  beautifully  by  Cases  12  and  13;  99  days 
or  73  days  respectively  after  one  phrenic  and  both 
vagi,  or,  in  the  other  case,  one  phrenic,  both  vagi 
and  one  sympathetic,  had  been  severed,  all  these 
nerves  had  neatly  healed  except  the  phrenic  in  the 
former  case  and  the  sympathetic  in  the  latter. 
Experimentally  the  same  fact  had  been  ascertained 
before  (Langley-  and  others).  .The  tendency  to 
regeneration  is  so  strong  that,  as  Gushing^  puts  it, 
it  is  almost  impossible  to  prevent  some  reunion  of 
divided  nerve-fibers  with  their  original  central 
ends,  or  with  the  central  ends  of  fibers  from  other 
sources  which  were  unavoidably  cut  through  during 
the  operation.  This  is  all  the  more  interesting 
since  we  have  long  been  taught  that  such  a  reunion 
is  not  to  be  expected,  unless  the  fibers  of  a  severed 
trunk,  are  encouraged  to  find  their  proper  con- 
nection by  a  surgical  approximation  of  the  stumps 
with  suture  or  by  some  other  means. 

The  histological  examination  of  the  place 
of  nerve  suture,  which  I  made  in  some  cases, 
led  to  a  corroboration  of  the  impression  I 
had  obtained  with  the  naked  eye,  that  the 
healing  up  of  the  connected  nerve  ends  was 
satisfactorj'.  This  microscopical  study  was 
made  of  Cases  i  and  3,  as  well  as  of  another 
case  not  included  in  the  tables,  which  resulted 
in  death  on  the  day  following  the  sewing 

*  Cit.  Timme.  J.  Nerv.  Ment.  Dis.,  1914,  xli,  762. 

^  J.  Physiol.,  iSg7,  xxii,  315. 

'Johns  Hopkins  Hosp.  Bull.,  iQos,  xvi,  77. 


together  of  the  phrcnicus  sinister  with  vagus, 
sinister.  Bielschowsky's  stain  gave  the  best 
picture;  poorer  pictures  resulted  from 
Stroebe's  method  and  from  Weigert's  iron 
hsemotoxyhn  stain.'  Serial  sections  were  not 
made  and  thus  it  was  not  possible  to  get 
any  completely  exact  conception  of  condi- 
tions at  the  point  of  suture.  Yet,  on  both 
sides  of  the  latter  were  seen  well  stained 
axones  which,  in  the  phrenic  and  vagus, 
sometimes  had  medullary  sheathes.  As  in 
Langley's  observations-  I  also  found  that 
some  of  the  axones  had  not  grown  over  the 
place  of  suture  and  regenerated,  but  had 
lost  their  way  in  the  connective-tissue 
growth  and  ended  blindly. 

I  have  still  to  discuss  the  data  in  the 
experiments  as  to  the  condition  of  the 
animals  after  the  operations.  As  to  this 
point,  I  have  taken  into  consideration  the 
changes  in  the  general  condition  (weight, 
pulse,  carbohydrate  tolerance,  etc.)  and 
local  symptoms  (eye  changes). 

Have  the  results  been  of  such  a  nature  as 
to  show,  in  the  operated  cases,  a  symptom- 
complex  indicative  of  sympatheticotonic  or 
vagotonic  conditions,  or  even  of  hyper- 
thyroidism? First  it  must  be  stated  what 
symptoms  in  dogs  and  cats  are  characteristic 
of  the  pathological  conditions  referred  to, 
particularly  of  hyperthyroidism.  A  precise 
statement  of  this  matter  is  impossible. 

Graves'  disease  is  a  very  unusual  disease  in  dogs. 
I  went  through  the  last  two  annual  vohmies  ac- 
cessible to  me  o£  EUenberger's  and  Schtitz's  Jalircs- 
bericht  iiber  die  Leistuiii^cii  auf  dem  Gebiete  dcr 
V eterindnncdizin  without  finding  anything  on  this 
subject.  Eggers  and  Maury-*  have  related  a  case  of 
Graves'  disease  in  a  five-week  old  dog.  The  thy- 
roid was  enlarged,  and  (as  observed  at  the  operation, 
profusely  supplied  with  vessels;  the  pulse  was  rapid 
i6o  to  170  per  minute),  a  fine  tremor  was  present, 
but  no  unmistakable  exophthalmos.  Diagnosis 
was  made  of  Graves'  disease,  thyroidectomy  was 
performed,  a  generally  good  condition  ensued  but 
was  of  short  duration.  Six  weeks  later  the  dog  died 
suddenly  without  reappearance  of  the  old  symptoms. 
The  morphological  aspect  of  the  thyroid  gland  was 
that  of  an  exophthalmic  goiter. 

1  In  staining,  Schmorl's  description  of  tlie  metiiods  (Path.  anat. 
Untersuciiungsmethoden.  Leipzig,  1907,  p.  223)  was  followed. 

2  J,  Physiol..  1S97,  x.xii,  215. 

3  Struma  simplex  (common  goiter)  seems  to  be  frequent  in  dogs  as 
well  as  horses  (Hutchinson,  Mills).  Gorig  h.as  reported  a  case  of 
Graves'  disease  in  a  cow  (Deutsch.  Thierag.,  Karlsruhe,  i8g8.  v,  i,  306) 
Cit.  Eggers  and  Maury  (Ann.  of  Surg.,  Phila.,  1907,  October). 


It  is  particularly  difficult  to  judge  the  cases  of 
experimental  Graves'  disease  in  animals,  recorded  in 
the  literature.  Baruch  enumerated  the  following 
symptoms  of  Graves'  disease  in  dogs,  having  ob- 
served the  symptoms  in  a  number  of  animals  after 
intraperitoneal  injection  of  freshly  ground  human 
goiter:  irritability,  nervousness,  extreme  emaciation, 
falling  out  of  hair,  diarrhoea,  tachycardia,  glyco- 
suria, lymphocytosis  and  sometimes  exophthalmos. ' 
It  is  not  surprising  that  the  introduction  into  the 
animal  organism  of  a  rather  large  quantity  of  hetero- 
geneous proteid  material  of  thyroid  nature  all  at 
one  time,  has  the  effect  of  a  poison.  Carlson^ 
makes  the  interesting  statement  that  the  same  effect 
can  be  produced  in  rabbits,  rats,  and  guinea  pigs 
by  feeding  them  with  desiccated  muscular  tissue  as 
with  desiccated  th3'roid  preparation.  Under  these 
circumstances  an  increase  in  pulse  rate,  fever,  gen- 
eral weakness,  emaciation,  etc.,  may  assuredly  arise 
without  assuming  that  a  typical  case  of  Graves' 
disease  has  been  produced.  The  most  characteristic 
feature  about  all  these  experiments  is  that  experi- 
ments made  by  one  investigator  with  positive  results 
seldom  give  the  same  result  when  performed  by  an- 
other. In  the  few-  cases  in  which  unquestionable 
Graves'  disease  symptoms  are  declared  to  have  been 
produced,  they  have  never  remained  evident  for  long. 

The  recognition  of  sympalheticotonic  and  vagotonic 
conditions  is  just  as  vague,  or  even  more  so.  Mac- 
leod'  showed  among  other  things,  that  stimulation 
of  the  splanchnic  nerve  produces  hyperglyca-mia 
(provided  the  adrenals  are  intact);  he  obtained  the 
same  effect,  after  severing  the  plexus  hepaticus,  bj' 
electrical  stimulation  of  the  peripheral  cross-section. 
Pawlow,  Schiff,  Van  Yzeren,  Cannon,  and  others, 
observed  that  stimulation  of  the  vagus  resulted  in 
increased  activity  of  the  stomach  glands.''  And 
Timme'  ascertained  a  histological  hyperplasia  of 
the  mucous  membranes  in  the  stomach  resulting 
from  a  chronic  stimulation  of  the  vagus  lasting 
several  months  (produced  by  applying  gently  a 
ligature  around  each  vagus).  Finally  Cannon, 
Binger,  and  Fitz  observed  in  their  experiments  on 
cats,  mentioned  above,  the  presence  of  a  marked 
tachycardia;  the  average  heart  rate  was  222  while 
in  normal  case  165.  Besides  there  were  loose  move- 
ments of  the  bowels,  falling  out  of  the  hair;  the  cats 
were  unusually  excitable.  Alterations  of  basal 
metabolism  also  occurred;  the  average  heat  loss  per 
kilo  per  24  hours  in  normal  adult  cats  was  44 
calories,  but  in  four  of  the  experimental  animals  it 
was  66,  and  in  one,  112.  The  latter  died  sooner  than 
the  others  and  at  the  autopsy  the  adrenals  were 
found  to  have  nearly  thrice  the  average  weight. 
Finally    still    another    symptom    was    mentioned: 

'  Zentralbl.  f.  Chir..  igii,  xxxviii,  1185;  1912,  xx.\ix,  316.  .Mso  see 
Bircher.  Zentralbl.  f.  Chir.,  1912.  xxsix,  138:  Klose,  Ergebn.  d.  innere. 
Med.  u.  Kinderh.  von  Kraus,  1913,  p.  167:  Biedl,  Innere  Sekretion, 
1913.  p.  210. 

2  Biedl.  loc.  cit. 

3  Diabetes;  its  Pathological  Physiology,  1913. 

*  Timme,  J.  Nerv.  &  Ment.  Dis.,  1914,  xli,  745. 
6  J.  Nerv.  &  Ment.  Dis.,  1913.  xl,  311. 


diUiLation  of  the  pupil  on  the  operated  side  in  dim 
light,  and  in  one  case,  respiratory  hippus. 

It  is  perhaps  proper  here  to  give  the  division  of 
Graves'  disease  symptoms  into  sympathcticotonic 
and  vagotonic,  according  to  Eppinger.  The  im- 
mediate source  of  this  table  is  Halsted.' 

SYMPATHETICOTONIC    GRAVES'    DISEASE    SYMPTOMS 

1.  Pronounced  protrusion  of  the  bulbs 

2.  Graefe  absent 

3.  Loewi's  sign  positive 

4.  Mobius  positive 

5.  Dry  bulbs 

6.  Greatly  increased    activity    of    the    heart    with 

less  pronounced  subjective  symptoms. 

7.  Sweating  and  diarrhoea  absent 
S.  Falling  out  of  hair 

Q.  Eosinophilia  absent 

10.  Inclination  to  fever 

11.  Alimentary  glycosuria 

12.  Refractory  behavior  to  pilocarpine. 

VAGOTONIC    graves'    DISE.\SE    SYMPTOMS 

1.  Relatively  moderate  degree  of  tachycardia 

2.  Pronounced  subjective  heart  symptoms 

3.  Graefe  definite 

4.  Wide  lid-clefts 

5.  Mobius  absent 

6.  Slight  protrusion  of  the  bulbs 

7.  Increased  lacrymalion 

8.  Profuse  sweating 
q.  Diarrhcca 

10.  Disturbances  of  digestion 

11.  Eosinophilia  likely 

12.  Alimentary  glycosuria  absent 

13.  No  adrenalin  glycosuria 

14.  Pigmentation. 

In  stating  the  symptoms  oijserved  in  the 
animals  in  my  experiments,  a  distinction  must 
be  made  between  dogs  and  cats.  Psycliical 
pecuUarities  could  not  be  observed  in  any 
of  them  (except  dog  No.  2,  who  seemed  to 
be  very  sensitive  after  operation).  But  the 
physical  observation  was  repeated  almost 
throughout  that  the  dogs  became  leaner  and 
the  cats  fatter  after  the  operation,  no  matter 
what  was  done  to  them.^  Yet  it  must  be 
noted  that  such  was  also  the  case  in  all  the 
animals  kept  in  the  laboratory  during  the 
same  winter.  I  observed  it,  among  other 
things,  in  a  score  of  dogs  in  which  one  or 
more    spleen-vessels    had    been    ligatcd,    in 

'  Johns  Hopkins  Hosp.  Bull.  igi4,  xxv,  224. 

-  E.vceplions  were  the  cits  C  and  11.  The  former  became  very  lean 
and  developed  a  constant  deterioration  in  general  condition.  Yet 
there  was  a  distinct  explanation  in  the  post-operative  infection  that 
led  to  death.  The  nerve  suture  was  found  at  the  autopsy  to  have  broken. 
The  other  cat  was  quite  well  during  the  first  6  weeks  following 
the  operation,  then,  like  the  other  animals,  at  that  time  living  in  the 
same  room,  she  was  struck  by  a  severe  infection,  giving  symptoms 
particularly  from  the  respiratory  organs. 


dogs  from  which  one  sympathetic  neck 
ganghon  had  been  removed  or  in  which 
Eck's  fistula  had  been  made,  or  which  had 
not  been  operated  on  at  all,  and  I  observed 
it  as  well  in  cats  in  which  one  adrenal  had 
been  removed,  etc.  It  seems  quite  likely  that 
other  circumstances  than  those  directly  con- 
nected with  the  operation  caused  the  differ- 
ence in  the  conditions  of  nourishment.  The 
dogs  suppUed  to  the  laboratory  usually  pre- 
sented a  rather  good  general  condition  on 
their  arrival,  while  the  cats,  on  the  other 
hand,  were  star\-ed  and  in  a  bad  state.  But 
conditions  in  the  laboratory  were  such  that 
the  dogs  had  to  be  kept  in  a  place  more  un- 
favorable as  to  temperature,  etc.,  than  were 
the  cats. 

Another  difference  observ'ed  was  that 
the  dogs  began  to  lose  their  hair  at  most  two 
months  after  being  brought  to  the  laboratory 
and  to  show  signs  of  itching  and  scratching. 
But  this  phenomenon  also  was  true  of  all 
the  other  dogs  kept  in  the  laboratory,  op- 
erated or  not  operated  on.  The  cause  was 
probably  mange,  which  I  am  informed  by 
colleagues  is  a  rather  common  thing  in  such 
laboratory'  animals. 

The  pulse  rate  was  never  very  high.  It  was 
alwaj'S  taken  at  about  the  same  hour  in 
the  morning,  the  hand  being  placed  on  the 
animal's  heart  and  the  beats  being  counted 
for  a  whole  minute.  The  average  rate  for 
dogs  was  about  120 — lowest  97,  highest  133, 
21  obsers-ations  in  all;  for  cats  about  130 — 
lowest  113,  highest  141,  41  observations  in 
all.  Three  cats  had  an  average  rate  varying 
between  132  and  162  before  the  operation 
(6  coimts)  and  2  of  these  (Nos.  8  and  11) 
varied  between  135  and  141  during  the  days 
immediately  following  operation  (6  counts) 
and  between  142  and  149  during  a  couple  of 
daj-s,  two  months  after  the  operation  (10 
counts). 

For  purposes  of  comparison  the  following 
counts  made  on  other  dogs  during  the 
same  period  may  be  mentioned. 

In  a  dog  the  upper  half  of  whose  spleen  had  been 
ligated  a  month  ago,  the  heart  rate  had  an  average 
of  iig  (3  counts),  in  another  io<S  (2  counts).  The 
corresponding  figure  for  a  dog  whose  upper  sympa- 
thetic neck  ganglion  had  been  gently  ligated  two 


months  before,  was  102  (2  counts).'  It  was  112 
(4  counts)  for  another  dog,  whose  two  ovaries,  as 
well  as  the  upper  sympathetic  neck  ganglion  had 
been  removed  three  weeks  earlier,  and  who  at  the 
time  of  the  pulse  counts  was  fed  on  a  total  of  8 
gms.  thyroid  extract,  in  two  days.  A  dog  which 
had  undergone  ovariotomy  on  both  sides  six  weeks 
previously  and  which  during  the  period  of  the  pulse 
counts  received  2  to  5  gms.  of  thyroid  extract  daily 
had  an  average  rate  of  117  (16  counts).  Finally, 
the  figure  was  146  (27  counts)  for  a  dog  whose 
ovaries  and  one  sympathetic  neck  ganglion  had 
been  removed  and  then  fed  on  2  to  3  gms.  thyroid 
extract  daily  for  two  weeks  after  which  she  received 
25  gms.  fresh  human  colloid  goiter  grafted  intra- 
peritoneally.  After  the  graft  the  heart  rate  of 
this  animal  rose  quickly  and  considerably  and 
reached  on  one  day  108  (the  highest  I  have  ever 
observed  in  any  dog). '^ 

The  fluctuations  in  pulse  rate  in  these  an- 
imals coincided,  yet  with  still  great  variation, 
with  another  change,  that  in  the  carbohy- 
drate metabolism. 

It  is  well  known  chnically,  that  patients 
with  Graves'  disease  sometimes  develop 
glycosuria.  It  has  also  been  found  that 
this  symptom  may  be  produced  in  animals 
or  human  beings  by  administering  thyroid 
products  (the  dogs  just  mentioned,  one  of 
which  I  fed  on  thyroid  extract  and  in  the 
other  of  which  was  grafted  human  colloid 
goiter  intraperitoneally,  had  during  the  time 
in  question,  sugar  in  their  urine),  Crowe  and 
Wislocki^  found  that  the  removal  of  one 
adrenal,  either  one,  causes  temporary  gly- 
cosuria. Macleod's  observations  of  the  same 
symptom  after  stimulation  of  the  splanchnic 
nerve,  has  already  been  mentioned.  Thus 
it  is  evident — surely  could  more  examples  be 
given — that  the  endocrine  organs  do  have 
an  influence  on  the  metabolism  of  carbohy- 
drates, an  influence  whose  mode  of  action  is 
extremely  complicated  and  by  no  means 
plainly  understood. 

Aside  from  the  quahtative  test  for  sugar 
in  the  urine  the  simplest  way  of  detecting 
possible  irregularities  in  the  metabolism  is 
probably  the  determination  of  the  limit  of 

'  Another  fact  about  the  dog  that  may  be  of  a  certain  interest  in  view 
of  what  is  reported  later  in  the  paper,  is  that  his  tolerance  for  saccharose 
was  under  5. 

2  .Another  fact  worth  noting  about  this  dog  was  the  changes  in  weight 
and  loss  of  liair.  As  long  as  the  animal  was  kept  (in  a  separate  cage) 
in  the  same  room  with  the  cats,  the  weight  remained  fairly  constant 
and  no  loss  of  hair  was  observed.  But  when  she  was  placed  {about 
3>i  weeks  later)  in  a  somewhat  colder  place,  together  with  all  the  other 
dogs,  a  pronounced  emaciation  set  in,  accompanied  by  loss  of  hair. 

3  Beitr.  f.  klin.  Chir.,  1914,  .\cv,  8. 


assimilation  of  the  organism  for  a  certain  kind 
of  sugar.  This  limit  is  said  to  be  reached 
when  the  sugar  administered  per  os  leaves 
it  with  the  urine.  In  healthy  human  beings 
this  limit  —  the  sugar  tolerance  —  is  pretty 
high,  though  nevertheless  subject  to  individ- 
ual variations.  Data  on  sugar  tolerance  in 
animals  are  found  in  the  literature  but  differ 
considerably.  According  to  Hoppe-Seyler' 
it  amounts,  for  saccharose,  in  normal  dogs, 
to  20  to  30  gms.;  according  to  Goetsch, 
Gushing  and  Jacobson-  to  10  gms.  per  kilo 
body  weight,  when  sugar  is  introduced  per  os. 
In  nw  animals  I  tried  to  determine  whether 
the  nerve  operations  performed  might  have 
any  influence  on  the  sugar  tolerance.  A  study 
of  the  experiments  will  show  that  no  decisive 
indication  is  obtainable,  either  with  regard 
to  the  place  or  the  mode  of  the  nerve  anasto- 
mosis or  to  the  length  of  the  period  elapsing 
after  the  operation. 

For  the  sake  of  brevity,  I  have  here  given  simple 
numerical  data  on  the  sugar  tolerance.  The  fact 
that  an  animal  weighing  i  kg.  is  able  to  consume 
10  gms.  pure  saccharose,  dissolved  in  water  with  a 
little  milk,  without  the  urine's  giving  a  positive 
sugar  reaction  next  day,  I  thus  indicate  by  saying 
that  its  sugar  tolerance  is  more  than  10.  But  if 
the  same  animal,  conditions  otherwise  remaining 
unchanged,  after  consuming  15  gms.  of  saccharose, 
shows  sugar  in  the  urine,  I  state  this  by  saying  that 
its  sugar  tolerance  is  between  15  and  10,  etc.  As 
reagents  I  used  both  Nylander's  and  Benedict's 
solutions  in  each  test.  .\n  uncertain  result  with  the 
latter  I  call  negative  (Benedict's  reaction  is  possibly 
somewhat  more  sensitive  than  Nylander's).^  Sac- 
charose was  chosen  for  the  test,  partly  because,  if 
the  animals  droolled  into  the  cages  after  the  ad- 
ministration of  the  sugar,  there  would  be  no  danger 
of  contamination  of  the  urine  by  a  reducing  sub- 
stance, a  possible  risk  in  the  case  of  glucose  ad- 
ministered by  mouth.  During  the  days  set  apart 
for  the  determination  of  the  tolerance  the  animals 
were  kept  in  metabolism  cages. 

Two  months  after  performing  the  phrenico- 
sympathetic  anastomosis  on  dogs,  the  assimi- 
lation limit  for  saccharose  lay  between  15 
and  12.5,  which  is  remarkably  high,  in  Gase  7 ; 
three  or  four  months  after  operation  it  was 
considerably  lower,  below  10  in  Gases  i  and  A. 
And  about  three  months  after  a  phrenic  vagus 

1  \'irchow's  .\rch.  f.  path.  .\nat.,  1S56,  x,  144. 

-  Bull.  Johns  Hopkins  Hosp.,  1911,  xxii,  165. 

3  See  Hawk's  Physiological  Chemistry,  Philadelphia,  igi2,  p.  32S; 
and  Wood's  Chemical  and  Microscopical  Diagnosis,  New  York  and 
London;  igi2,  p.  513. 
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anastomosis,  in  Case  lo,  it  was  as  low  as  at 
about  the  same  period  after  a  simple  phreni- 
cotomy  in  Case  1 2 ;  in  both  cases  between  5 
and  2.5.  In  cats  the  figures  were  invariably 
low.  Yet  it  should  not  be  ignored  that, 
excepting  Case  5,  they  were  somewhat  higher 
in  tests  made  on  animals  not  operated  upon, 
than  in  those  operated  upon.  In  Cases  8 
and  14  the  sugar  tolerance  was  between  10 
and  5;  in  other  words,  above  5  before  the 
operation.  In  Case  11,  it  was  between  5 
and  2.5  before  operation;  the  same  figure 
as  was  found  in  Case  5  three  and  a  half  months 
after  phrenicosympathetic  anastomosis;  and 
the  remaining  three  cats  (Cases  B,  4  and  6) 
2,^2  to  6  months  after  operation,  likewise 
with  phrenicosympathetic  anastomosis,  dis- 
played an  assimilation  limit  between  2.5 
and  .63.  Spontaneous  glycosuria  or  albu- 
minuria was  found  in  spite  of  frequent 
examination  in  only  one  case  and  temporarily, 
No.  8:  glycosuria  during  a  couple  of  days 
after  operation  and  never  on  any  other 
occasion. 

As  far  as  dogs  are  concerned,  I  had  but  one  oppor- 
tunity to  compare  with  the  sugar  tolerance  in  an 
animal  on  which  no  nerve  anastomosis  had  been 
performed.  This  dog  (already  mentioned  in  this 
paper)  had  an  assimilation  limit  below  5,  two  months 
after  ligation  of  one  of  the  superior  sympathetic  neck 
ganglia.  My  last  investigations  on  cats  (Cases 
8,  11,  14)  I  planned  in  the  following  way.  The 
sugar  tolerance  was  tested  in  each  case  at  about 
the  same  time.  Then  I  performed  in  the  thoracic 
cavity  in  one  of  the  cats  a  phrenicosympathetic 
anastomosis  and  in  another  a  phrenicovagus 
anastomosis,  not  operating  on  the  third  animal. 
Afterward  I  kept  them  all  in  the  same  cage  and 
under  quite  equal  conditions.  They  did  verj'  well 
for  the  first  si.x  weeks.  Whereupon  they  were 
struck  by  an  infection  (catarrhal  disease  of  the 
respiratory  tract)  and  developed  for  a  time  a  rather 
bad  general  condition  as  well  as  did  all  the  other 
animals  in  this  room.  The  two  cats  operated  upon 
improved,as  to  a  certain  extent  did  the  third  animal, 
not  operated  on,  which  died  after  two  months  before 
I  was  able  to  carry  out  another  assimilation  test. 
Cat  B  showed  the  same  sugar  tolerance,  111  days 
after  performing  the  nerve  anastomosis  as  she  did 
after  175  days. 

As  for  the  remaining  symptoms  indicative 
of  a  condition  of  sympatheticotonus,  vago- 
tonus,  or  hyperthyroidism,  it  may  be  briefly 
stated  that  no  unquestionable  ones  were 
found.     Loewi's  adrenalin  test  was  negative 
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in  the  live  cases  in  which  it  was  applied.  In 
the  eyes  no  other  symptoms  were  found 
than  the  customary  effects  (paralysis)  on  the 
operated  side.  I  was  particularly  looking  for 
a  possible  appearance  of  the  interesting  phe- 
nomenon which  Cannon  observed  in  one  of 
his  animals  but  which  Langley  could  not  find; 
namely,  exophthalmos  and  the  respiratory 
hippus.  In  spite  of  numerous  investigations, 
both  in  broad  daylight  and  in  dim  light,  I 
never  could  detect  any  such  phenomenon 
either  in  dogs  or  in  cats. 

Equally  unsatisfactory  were  the  macro- 
scopic and  microscopic  findings  in  the  organs 
at  autopsy.  In  dogs  i  (anastomosis  of  the 
right  phrenicosympathetic)  and  13  (sym- 
patheticotomy  on  left  side)  there  was  found, 
in  the  abdomen,  a  very  peculiar  picture  of  a 
seemingly  chronic  inflammatory  nature.  Nu- 
merous firm  adhesions  and  strands  of  connec- 
tive tissue  were  present,  the  intestines  showed 
occasional  local  saclike  extensions  and  the 
mesenteric  glands  were  enlarged,  indurated, 
and  pigmented. 

I  have  no  information  regarding  the  real  nature 
of  these  changes.  In  the  rather  numerous  autopsies 
I  have  had  occasion  to  perform  on  dogs,  I  have 
observed  them  in  only  one  additional  case,  and  that 
in  a  dog  who  had  already  undergone  ovariotomy  on 
both  sides  and,  three  weeks  later,  had  been  fed 
daily  2  to  5  gms.  thyroid  extract  for  eighteen  days. 
Here  glycosuria  and  a  marked  deterioration  of 
the  general  condition  developed.  After  stopping 
thyroid  feeding,  the  glycosuria  disappeared.  The 
animal  died  a  few  days  later  of  pneumonia,  how- 
ever. The  autopsy  show'ed,  among  other  things, 
exactly  the  same  changes  in  the  abdominal  cavity 
as  described  above.     The  thyroid  was  normal.' 

In  some  cases  (Nos.  i,  3,  5,  6,  8,  13)  I 
undertook  a  histological  examination  of  the 
inner  organs  after  staining  either  with 
hasmotoxylin-eosin,  or  in  the  case  of  the 
adrenals,  sudan.  The  only  noteworthy  ob- 
servations that  resulted  were  the  following: 
In  Cases  i  and  2  the  liver  was  rather  vas- 
cular, and,  in  Case  3,  the  liver  was  vascular 
and  rich  in  pigment  also.  In  Case  13  the 
thick-walledness  and  the  hyaline  appearance 
of  the  medium-sized  vessels  in  the  spleen  were 
striking;    besides,    the    pancreas    was    fairly 

1  On  the  histology  of  the  thyroid  gland  in  animals  under  thyroid  feed- 
ing and  under  other  specilic  diet.  seeFarrant.  Proc.  Roy  Soc.  Med..  Path. 
Sect..  I0I4.  p.  49;  and  Douglass,  J.  Path.  &  Bact.,  igis,  xix,  341;  cf  also 
MacCallum,  J.  Am.  M.  Ass.,  1907,  xlix,  1,158. 
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vascular.  No  kidney  changes  were  observed. 
In  Case  3,  the  adrenals,  especially  the  right, 
were  rich  in  blood  and  it  also  showed  a 
cortex  rich  in  pigment.  Only  in  Cases  5 
and  8  was  the  thyroid  examined  microscop- 
ically. It  was  colloidal  and  had  in  Case  5,  a 
gland  epithelium  seemingly  in  two  layers  in 
places  without  any  indication  that  a  papillary 
hyperplasia  was  forming. 

Eppinger,  Falta,  Rudinger  and  others 
consider  the  symptoms  in  conditions  of  hy- 
perthjToidism  as  evidences  of  a  state  of  sympa- 
theticotonic  stimulation.  Biedl  and  others 
point  out  that  some  of  the  symptoms  evidently 
belong  to  the  autonomic  nervous  system, 
and,  therefore,  that  the  multitude  of  syn- 
dromes in  hyperthyroidism  can  only  be 
explained  by  the  assumption  of  a  polyvalent 
thyroidal  secretion.  Halsted  expresses  doubts 
as  to  the  dehniteness  of  our  knowledge  as  to 
which  symptoms  are  really  vagotonic. 

However,  we  cannot  attempt  to  decide 
these  differences  this  moment.  Following  the 
investigations  of  Langley  and  Cannon,  I 
made  attempts  to  study  experimentally 
several  questions  involved.  My  report  on 
the  experiments,  I  need  hardly  point  out, 
has  yielded  very  little  of  a  positive  result. 
To  be  sure  the  animals  on  which  I  operated 
did  in  a  few  cases,  as  did  all  of  those  operated 
upon  by  Cannon  develop,  "peculiar  symp- 
toms," but  it  was  impossible  to  stamp  them 
decidedly  as  either  sympathcticotonic  or 
vagotonic,  nor  is  there  any  agreement 
between  the  various  individual  cases  along 
the  lines  of  the  operation  performed.  In 
explanation  I  merely  call  attention  to  the 
comparatively  high  sugar  tolerance  (between 
15  and  12.5)  in  Case  7,  and  the  very  low 
one  (i .  25  to  o.  63)  in  Case  4,  not  to  mention 
such  peculiarities  as  diffuse  corneal  opacity 
in  Case  i,  chronic  peritoneal  and  intestinal 
changes  in  Cases  i  and  13,  etc. 

No  doubt  very  extensive  series  of  investi- 
gation are  required  in  order  to  determine  with 
certainty  which  symptoms  in  the  cases  of 
animals  kept  in  long  confinement  may,  after 
performing  these  nerve  anastomoses,  be 
referred  to  states  of  sympathcticotonic  or 
vagotonic  conditions  or  to  hyperthyroidism. 
i6 
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My  set  of  17  cases  is  by  no  means  large 
enough.  Yet  as  I  have  not  now  the  oppor- 
tunity to  complete  them  with  new  investi- 
gations, I  consider  that  the  publication  of  the 
results  may  be  of  some  interest. 

A  few  remarks  may  be  added  concerning 
the  cause  of  the  absence  of  any  definite 
symptoms  resulting  from,  for  instance,  a 
phrenicosympathetic  anastomosis,  even  as 
I  shall  for  the  present  assume,  such  a  one 
being  present  for  a  long  time. 

Opinions  have  been  divided  as  to  the 
behavior  of  the  different  components  of 
such  hybrid  nerve,  as  far  as  transmission 
is  concerned.  It  may  be  that  the  nerve 
fibers  have  no  inherent  function  in  them- 
selves but  that  of  conduction  as  in  the  cases 
of  the  metallic  wires  of  an  electric  battery. 
What  effects  are  produced  depends  entirely 
on  the  character  of  the  end  organ  to  which 
the  nerves  conduct.  But  it  is  also  possible 
that  the  nerve  fibers  themselves  have  some 
importance  in  determining  the  nature  of  the 
effect,  and  that  they  maybe  capable  of  changes 
with  respect  to  this  function.  Langley  inter- 
prets two  of  his  experiments  along  the  lines 
of  the  hypothesis.  In  one  case,  after  uniting 
the  severed  central  end  of  nervous  Hngualis 
(containing  vaso-dilators)  with  the  peripheral 
remnant  of  the  sympathetic  nerve  (conduct- 
ing vaso-constrictors),  and  on  stimulation  of 
the  hybrid  nerve,  he  obtained  a  contraction 
of  the  ear  arteries.  Similar  phenomena  were 
observed  in  vago-sympathetic  anastomosis. 
Without  going  into  the  theoretical  aspect  of 
these  questions,  I  should  like  to  simply 
present  a  few  further  observations  thus  far 
made. 

Rawai  joined  the  central  end  of  the  vagus 
with  the  peripheral  end  of  the  hypoglossus 
and  observed  that  the  former  nerve  thus 
acquired  a  certain  degree  of  motor  effect  on 
the  muscles  of  the  tongue.  Cusliing=  having 
a  patient  with  facial  paralysis,  the  result  of  a 
bullet-wound  perforating  the  mastoid  process, 
sewed  up  the  central  end  of  the  accessory 
ners-e  after  having  completely  severed  it 
with  the  peripheral  remnant  of  the  main 
trunk  of  the  facial  nerve.     Six  weeks  after 

1  Arch.  f.  Anat.  u.  Physiol.,  iSSs,  p.  296 
^  J.  Nerv.  &  Ment.  Dis.,  1903,  xxx,  367. 
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the  occurrence  of  the  trauma,  this  operation 
was  performed  and  the  outcome  was  fairly 
satisfactory  as  far  as  the  facial  paralysis 
was  concerned.  In  time  the  patient  acquired 
the  faculty  of  coordinated  simultaneous 
motions  on  both  sides  of  the  median  line  of 
the  head,  but  even  nine  months  later,  asso- 
ciated movements  persisted  in  the  injured 
half  of  face  when  the  shoulder  (trapezius) 
and  head  (sternomastoid)  were  vigorously 
moved. 

It  is  of  particular  interest  to  compare  with 
these  results  the  observations  of  Langley  in 
animals.  After  uniting  the  central  end  of 
the  fifth  cervical  nerve  with  the  peripheral 
end  of  the  sympathetic  (in  two  cats)  he  found, 
still  after  187  days,  and  112  days  respectively, 
the  ordinary  symptoms  of  sympathetic 
paralysis,  in  the  corresponding  eye.  But 
the  proximal  section  of  the  hybrid  nerve  had 
not  obtained  any  tonic  effect  on  its  distal 
section.  And  the  motions  of  the  neck  and 
shoulder,  the  impulses  for  which  normally 
run  through  the  fifth  cervical  nerve,  caused 
no  movements  in  the  nictitating  membrane 
or  pupil.  Langley's  similar  experiments  on  a 
third  cat,  in  which,  after  197  days,  he  found 
that  also  the  diaphragm  had  no  associated 
movements  in  the  pupil,  have  been  referred 
to  above. 

It  seems  to  me  that  the  difference  in  the 
results  found  in  Cushing's  and  Langley's 
cases  correspond  very  well  to  the  differences 
in  the  kinds  of  ners'es  that  were  united: 
in  the  former  cases  there  was  union  of  such 
closely  related  nerves  as  the  accessory  and  the 
facial,  both  motor  nerves;  the  latter's  work 
involved  joining  such  difi'erent  nerves  as  those 
from  the  cerebrospinal  system  and  those  from 
the  sympathetic  nervous  system.  It  would 
be  an  entirely  reasonable  conjecture  that  in 
my  cases,  both  neck  and  thorax  operations, 
such  details  may  have  played  a  part.  But 
it  is  impossible,  for  the  present  to  judge 
whether  they  have  been  influenced,  too,  in 
any  way  by  the  fact  that,  in  severing  the 
phrenic  nerve,  centripetal  communication  and 
transmission  through  that  nerve  were  broken. 

FIRST    SERIES   OF   CASES:    CERVICAL    OPERATIONS 

Case  A.  Dog,  medium  sized;  left  phrenicus 
nerve  sutured  to  left  sympatheticus;  under  observa- 


tion  III  days.  Shortly  before  death,  weighed 
8,840  gms.;  average  pulse  rate  131  (4  counts);  sugar 
tolerance,  between  10  and  5. 

Other  symptoms  of  interest''-  were  loss  of  weight, 
falling  of  hair,  some  sluggishness;  lessening  of 
left  pupil  and  lid  cleft,  left  pupil  not  reacting  to 
light. 

Remarks.  Aher  operation  left  pupil  and  lid  cleft 
were  less  than  before,  the  nictitating  membrane  was 
pulled  forward  toward  the  pupil;  enophthalmos. 
From  38  days  after  operation  these  symptoms  were 
less  pronounced.  From  about  100  days  after  the 
operation  there  was  no  difYerence  in  the  position 
of  the  left  nictitating  membrane  from  the  position  of 
the  right  one.  74  days  after  operation  the  eyes  were 
carefully  examined  with  a  flash  light  in  a  dark  room; 
nothing  especially  revealed.  Left  pupil  was  always 
materially  lessened,  not  reacting.  Later  the  same 
results  were  found  several  times.  During  the  last 
6  weeks  before  kUling  the  dog,  purulent  conjuncti- 
vitis was  present  especially  in  the  left  eye.  The 
dog's  general  condition  was  good  (until  the  last  few 
days  before  death  when  he  lost,  during  the  sugar 
tolerance  tests,  3,380  gms.).  At  the  autopsy  the 
suture  place  of  the  nerve  was  nicely  healed  and 
could  not  be  e.xactly  distinguished.  Thyroid  was 
rather  large,  transparent  (colloidal).  Stomach  not 
very  large. 

C.\SE  B.  Cat,  male;  left  phrenicus  sutured  to 
left  sympatheticus;  under  observation  175  days. 
Shortly  before  death,  the  animal  weighed  4,400  gms.; 
average  pulse  rate  136  (4  counts);  sugar  tolerance, 
between  2.5  and  1.25. 

Other  symptoms  of  interest  were}  Some  hair  fallen 
out  on  a  spot  about  the  size  of  a  penny  below  left 
ear.  Eye  symptoms  about  the  same  as  2  months 
ago;  the  size  of  the  pupil  (left)  though  varying  from 
day  to  day  does  not  seem  to  be  as  small  as  2  months 
ago. 

Remarks.  The  usual  symptoms  of  sympathetic 
paralysis  were  found  in  the  left  eye  following  the 
operation.  From  71  days  after  the  operation  the 
left  pupil  was  sometimes  only  a  little  less  than  the 
right.  In  spite  of  numerous  e.xaminations  in  dim 
light  respiratory  movements  never  were  found  in 
the  left  eye.  Three  and  one-half  months  after  opera- 
tion the  sugar  tolerance  lay  between  2.5  and  1.25, 
the  pulse  rate  was  135  (8  counts)  the  weight  4,150 
gms.  Left  pupil  and  lid  cleft  were  small;  left  nicti- 
tating membrane  pulled  forward  (but  no  evident 
enophthalmos).  Thus  far  no  falling  out  of  hair. 
The  general  condition  good  and  remained  so  even 
at  the  time  when  the  cat  was  killed.  Autopsy: 
much  adipose;  internal  organs  without  remarks;  the 
nerve  suture  place  smooth  and  macroscopically  not 
to  be  detected. 

Case  C.  Cat,  weight  2,640  gms.;  left  phrenicus 
sutured  to  left  superior  sympathetic  cervical  gang- 
lion; under  observation  20  days.  Shortly  before 
death  the  animal  weighed  1,600  gms.;  average  pulse 
rate  125  (i  count). 

'  \l  time  of  death. 
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Other  symptoms  of  interest.  During  the  last  week 
before  death  the  general  condition  went  down 
rapidly. 

Thus  no  sugar  tolerance  test  could  be  done. 

Remarks.  Here  2  to  3  cm.  of  the  left  sympathetic 
were  excised  below  the  superior  ganglion  whereupon 
the  phrenicus  was  sewed  to  the  ganglion  itself.  Left 
eye  showed  the  common  paralysis  (yet  enophthalmos 
was  not  evident  and  the  nictitating  membrane  was 
just  slightly  pulled  forward).  During  the  last  day 
preceding  death  there  was  purulent  conjunctivitis 
in  both  eyes.  Bladder  urine  at  the  autopsy  was  free 
from  sugar.  Cause  of  death:  post-operative  infec- 
tion. The  nerve  suture  had  slipped.  Thyroid, 
normal. 

SECOND    SERIES    OF   CASES:     TH0R.4CIC    OPERATIONS 

Case  i.  Dog;  right  phrenicus  sutured  to  right 
sympatheticus;  under  observation  85  days.  Shortly 
before  death  the  animal  weighed  3,970  gms.; 
average  pulse  rate  97  (3  counts);  sugar  tolerance, 
below  10. 

Other  symptoms  of  interest.'  Loss  of  weight,  falling 
out  of  hair,  tremor,  weakness,  diflfuse  corneal  opacity 
during  the  last  2  months. 

Remarks.  Urine  free  from  sugar,  2,  7,  8,  9,  60,  61, 
84  days  after  the  operation  (as  well  as  the  day  of  the 
operation).  The  dog  was  quite  well  until  2  days  be- 
fore death,  which  was  caused  by  pneumonia.  Autopsy 
showed  the  place  of  the  nerve  suture  which  was  nice- 
ly healed  with  callous-like  swelling.  Otherwise 
nothing  worthy  of  note,  except  that  the  intestines 
showed  occasional  local  scar-like  extensions  and  the 
mesenteric  glands  were  enlarged,  indurated,  and  pig- 
mented. Numerous  firm  adhesions  and  strands  of 
connective  tissue  were  present. 

Case  2.  Dog;  weight  6,860  gms.;  right  phrenicus 
sutured  to  right  sympatheticus;  under  observation 
45  days.  Shortly  before  death  the  animal  weighed 
3,550  gms. 

Other  symptoms  of  interest.'  During  the  last  month 
before  death  very  sensitive;  during  the  last  week 
very  sluggish  too.     Loewi's  test  negative. 

Remarks.  Before  operation  the  pupils  were  me- 
dium sized  and  equal.  This  fact  was  noted  in  every 
animal,  though  not  always  mentioned.  Sugar-free 
urine  before  operation;  35  days  and  45  days  after 
operation.  Cause  of  death,  pneumonia.  The  point 
of  the  nerve  suture  healed  with  callous-like  swelling; 
otherwise  internal  organs  without  findings. 

Case  3.  Very  large  dog;  left  phrenicus  sutured 
to  left  sympatheticus;  under  observation  20  days. 

Remarks.  Urine  free  from  sugar  at  the  time  of  the 
operation  and  9  days  after.  Dog  seemed  to  be 
doing  quite  well  until  he  was  found  dead  one  morn- 
ing. .Autopsy:  pneumonia.  No  signs  of  post- 
operative infection.  The  point  of  nerve  suture 
nicely  healed,  thickened.  Stomach  and  intestines 
very  small.     Left  kidney  a  little  larger  than  right. 

Case  4.  Cat;  left  phrenicus  sutured  to  left 
sympatheticus;  under  observation  107  days.     Short- 
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ly  before  death  the  animal  weighed  3,435  gms.; 
average  pulse  rate  133  (s  counts);  sugar  tolerance 
between  1.25  and  0.63. 

Remarks.  The  general  condition  of  the  animal 
excellent  all  the  time.  No  falling  out  of  hair. 
Pupils  equal,  reacting  to  light.  Urine  free  from 
sugar  and  albumin  2  months  after  operation  and  at 
the  time  of  death.  The  cat  was  killed  under  ether. 
Autopsy:  very  much  adipose  (increase  in  weight 
had  been  stated  by  weighing  at  the  beginning  and 
at  the  end  of  the  last  week) ;  internal  organs  without 
findings.  The  point  of  nerve  suture  without  swell- 
ing, thyroid  rather  large. 

Case  5.  Young  cat;  left  phrenicus  sutured  to 
left  sympatheticus;  under  observation  105  days. 
Shortly  before  death  the  animal  weighed  3,375  gms.; 
average  pulse  rate  126;  sugar  tolerance  between  5 
and  2.5. 

Olher  symptoms  of  interest.^  Loewi's  test  negative. 

Retnarks.  All  the  time  in  excellent  condition.  No 
falling  out  of  hair.  Pupils  equal,  wide,  reacting  to 
light  (3  days  after  operation).  Urine  sugar  free 
(2  months  after  operation).  Cat  killed  under  ether. 
Autopsy:  adiposity  (and  increase  of  weight)  stated 
as  in  Case  4.  The  point  of  the  nerve  suture  sur- 
rounded by  adhesions  between  the  pleural  sheaths. 
Stomach  large.  Thyroid  very  small,  non-transpar- 
ent macroscopically.  The  follicles  of  the  spleen 
very  evident  (young  animal). 

Case  6.  Cat;  left  phrenicus  sutured  to  left  sym- 
patheticus; under  observation  100  days.  Shortly 
before  death  the  animal  weighed  4,700  gms.;  average 
pulse  rate  113  (4  counts);  sugar  tolerance  between 
2.5  and  1.25. 

Olher  symptoms  of  interest}   Loewi's  test  negative. 

Remarks.  Condition  excellent  all  the  time.  No 
falling  out  of  hair.  Urine  sugar-free  {i}4  months 
after  operation).  Some  decrease  in  weight  was 
noted  during  the  last  week  before  death.  Au- 
topsy: very  much  adipose.  Adrenals  small.  Left 
thyroid  lobe  large,  right  lobe  less  and  not  quite  as 
much  transparent.  The  point  of  nerve  suture  fine, 
not  swollen.  During  the  narcosis  (in  which  the 
animal  was  killed)  the  left  phrenic  nerve  was  stimu- 
lated with  an  electrical  current,  but  without  any 
visible  effect  in  the  opened  abdomen. 

Case  7.  Dog,  female;  left  phrenicus  sutured  to 
left  sympatheticus;  under  observations  57  days. 
Shortly  before  death  the  animal  weighed  9,500  gms.; 
average  pulse  rate  133  (5  counts);  sugar  tolerance 
between  15  and  12.5. 

Olher  symptoms  of  interest.^  Some  signs  of  itching; 
falling  out  of  hair,  especially  so  during  past  two  weeks. 

Remarks.  AH  the  time  in  excellent  condition. 
Some  loss  of  weight  was  noted  during  the  last  week 
preceding  death.  Pupils  equal,  reacting.  Urine 
sugar-free  (2  weeks  and  five  weeks  after  operation). 
Dog  killed  in  narcosis.  Autopsy:  the  point  of  the 
nerve  suture  not  to  be  detected.  Stomach  very 
large,  thyroid  very  large.  Otherwise  nothing  to 
remark. 

'  At  time  of  death. 


Case  8.  Cat;  left  phrenicus  sutured  to  left 
sympatheticus;  under  observation  70  days.  Shortly 
before  death  the  animal  weighed  2,850  gms.;  average 
pulse  rate  142  (7  counts);  sugar  tolerance  between 
5  and  2.5. 

Other  symptoms  of  interest}  Backward  to  the  left 
an  almost  bald  spot  about  the  size  of  a  fifty-cent 
piece. 

Remarks}  The  days  following  the  operation 
showed  a  pulse  rate  of  135  (5  counts).  Still  a  day 
after  operation  the  urine  showed  sugar  reaction. 
Two  weeks  before  the  animal  was  killed  all  the 
animals  kept  in  one  laboratory  room  (including  Case 
8)  acquired  a  severe  catarrhal  disease  of  the  respira- 
tory tract  and  developed  a  bad  general  condition. 
Case  8  improved  some  after  a  little  more  than  a 
week.  Autopsy:  adipose  (especially  in  omentum 
and  mesentery) ;  the  point  of  nerve  suture  nicely 
healed,  with  callous-like  swelling.  Internal  organs 
without  remark. 

Case  9.  Dog;  left  phrenicus  sutured  to  left 
vagus;  under  observation  27  days. 

Remarks}  Good  condition  during  the  past  few 
weeks.  Then  loss  in  weight.  Dog  rather  emaciated 
at  the  time  of  death.  No  cause  of  death  found 
(dog  fight?).  No  signs  of  infection.  Nerve  suture 
place  nicely  healed.  The  spleen  showed  an  or- 
ganized infarct.     Stomach  small. 

Case  10.  Dog;  left  phrenicus  sutured  to  right 
and  left  vagus;  under  observation  87  days.  Shortly 
before  death  the  dog  weighed  4,670  gms.;  average 
pulse  rate  loS;  sugar  tolerance  between  5  and  2.5. 

Other  symptoms  of  interest}  Much  falling  out  of 
hair;  signs  of  itching;  thickened  skin;  some  sluggish- 
ness during  last  two  weeks;  Loewi's  test  negative. 

Remarks.  Sugar  free  urine  lyi  months  after 
operation.  During  the  narcosis  (in  which  the 
animal  was  killed)  electric  stimulation  of  the  left 
phrenic  was  made  with  no  result  in  the  abdomen. 
Internal  organs  without  findings.  Fine  nerve  heal- 
ing. 

Case  ii.  Cat,  female;  weight  2,480  gms.;  left 
phrenicus  sutured  to  right  and  left  vagus;  under 
observation  64  days.  Shortly  before  death  the 
animal  weighed  2,150  gms.;  average  pulse  rate  149 
(3  counts);  sugar  tolerance  between  5  and  2.5. 

Other  symptoms  of  interest}  Was  delivered  of  5 
living  kittens  four  days  previous  to  death 

Remarks.  During  the  days  following  operation 
the  pulse  rate  was  141  (3  counts),  sugar-free  urine 
before  death  as  well  as  3  days  after.  Two  weeks 
before  killing  the  animal  the  same  infection  de- 
veloped as  in  Case  8.  Autopsy:  nothing  especially 
to  remark.     Nerve  suture  place  fine,  not  swollen. 

Case  12.  Dog;  left  phrenicotomy;  under  obser- 
vations 99  days.  Shortly  before  death  weighed 
11,690  gms.;  average  pulse  rate  114  (6  counts);  sugar 
tolerance  between  5  and  25. 

Other  symptoms  of  interest}  FaUing  out  of  hair. 
Signs  of  itching  very  pronounced.  Loewi's  test 
negative. 

t  At  time  of  death. 


Remarks.  General  condition  good  all  the  time. 
Sugar- free  urine  before  operation  and  1J2  months 
after.  At  the  time  of  killing  the  dog,  he  was  verj' 
thin;  during  the  past  3  weeks  preceding  this,  3-:J'  kilo 
loss  in  weight  had  been  noted.  At  the  operation, 
left  phrenic  and  both  vagi  were  cut;  at  the  autopsy 
the  vagi  were  quite  healed  together,  only  phrenic 
remained  severed.  Thyroid  rather  small.  Other- 
wise nothing  to  note. 

Case  13.  Dog;  left  phrenicotomy;  under  ob- 
servations 73  days. 

Symptoms  of  interest.'-  Falling  out  of  hair;  loss  in 
weight. 

Remarks.  Pupils  medium  and  equal  before  oper- 
ation. Urine  sugar  free  one  day  and  also  i  month 
after  operation  and  at  autopsy.  Good  general  con- 
dition. Cause  of  death:  plueropneumonia.  At  the 
operation  the  phrenic,  the  sympathetic  and  both 
vagi  had  been  cut;  at  the  autopsy  all  these  nerves 
were  healed  except  the  sympathetic.  Changes  in 
the  intestine  and  peritoneum  quite  similar  to  those 
found  in  Case  1,  were  present.  Sugar  tolerance 
test  was  not  done,  as  the  dog  refused  to  eat  sugar. 

Case  14.  Cat,  weight  3,050  gms.;  under  observa- 
tion 56  days. 

Remarks.  Sugar  tolerance  test,  pulse  count,  etc., 
were  made  in  this  cat  at  the  same  time  as  in  cases 
8  and  11.  The  severe  infection  mentioned  above 
which  later  developed  interfered  with  the  original 
intention  to  test  out  changes  that  in  time  might  have 
occurred.  Case  14  died  before  any  further  test  had 
been  carried  out. 

1  At  time  of  death. 
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The  various  tissues  and  organs  of  the  body  receive  from  the 
circulating  blood  such  material  as  they  require  for  their  nutri- 
tion and  function;  they,  on  the  other  hand,  must  necessarily  dis- 
charge some  of  the  products  of  their  metabolism  into  the  inter- 
stitial tissue  and  its  lymph  spaces.  The  blood  vessels  are  there- 
fore likely  to  be  steeped  in  media  more  or  less  unstable  in  their 
chemical  composition,  and  varying  widely  in  different  regions  of 
the  body;  and  it  is  to  be  assumed  a  priori  that  the  vascular  sys- 
tem reacts  in  certain  definite  ways  to  the  physical  and  chemical 
changes  that  are  more  or  less  continuously  taking  place  round 
about  it.  The  study  of  the  effects  of  chemical  reagents,  of  the 
products  of  glandular  secretion,  of  the  action  of  drugs,  upon  the 
heart  and  the  blood  vessels,  especially  upon  the  arteries  has 
been  mainly  carried  out  by  methods  of  perfusion.  The  direct 
observation  of  the  living  vessels  under  varjdng  mechanical, 
thermal,  electrical,  and  chemical  conditions,  has  received  com- 
paratively little  attention.  As  early  as  1852,  H.  Weber  (43) 
pubhshed  some  experiments  on  the  web  of  the  frog's  foot.  In 
those  ante-Cohnheim  days  the  various  theories  of  inflammation 
were  much  concerned  with  stasis  in  the  arteries,  veins,  and  capil- 
laries, as  a  fundamental  factor  in  inflammatory  processes. 
Weber's  experiments  were  undertaken  from  this  point  of  view, 
but  he  mentions  rather  incidentally,  that  dilute  potassium  and 
ammonium  hydrate  cause  contraction  of  the  artery,  but  not  (as 
he  erroneously  states),  of  the  vein.  He  has  also  observed  the 
back  flow  of  the  blood  from  the  veins  into  the  capillaries  under 
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certain  abnormal  conditions.  The  brilliant  researches  of  Cohn- 
heim  (6,  7,  8)  focussed  the  interest  of  the  entire  scientific  world 
for  a  time  upon  the  tongue  and  mesentery  of  the  living  frog,  but 
mainly  for  the  study  of  inflammation  and  the  many  new  and  far 
reaching  problems  arising  therefrom.  W.  H.  Gaskell  (10)  in 
1880-1882,  in  his  articles  on  the  T£)nicity  of  the  Heart  and  the 
Blood  Vessels  made  use  principally  of  perfusion,  but  he  records 
also  some  observations  upon  the  direct  influence  of  certain  chem- 
icals upon  the  frog's  mesentery.  He  states  that  solutions  of 
sodium  hydrate  of  1-10,000  or  even  1-20,000  contract  blood 
vessels  and  that  the  contraction  may  lead  to  absolute  closure. 
Lactic  acid  on  the  other  hand,  1-10,000  or  1-13,000  always  di- 
lates the  vessels.  In  proof  of  this  he  gives  some  measm-ements, 
based  however  on  perfusions,  and  generalizes  that  alkalies  tend 
to  contract,  acids  tend  to  dilate  the  blood  vessels.  Recognizing 
the  great  similarity  which  in  many  respects  exists  between  the 
physiological  properties  of  the  heart  muscle  and  the  smooth 
muscle  of  the  arteries  and  veins,  he  develops  at  some  length  a 
very  fascinating  and  plausible  theory  of  the  tonicity  of  the 
cardio-vascular  system  in  which  a  dominant  part  is  assigned  to 
chemical  control.  More  recently  Natus  (33)  published  a  most 
careful  study  of  the  effects  of  \'arious  kinds  of  stimulation,  prin- 
cipally thermal  and  chenxical,  upon  the  blood  vessels  of  the  mes- 
entery and  of  the  pancreas  of  hving  rabbits.  This  work  was  evi- 
dently designed  as  a  basis  for  a  theroetical  discussion  of  stasis 
and  its  relations  to  the  theory  of  inflammation,  with  a  strong  in- 
clination -in  favor  of  nerve  control  as  a  fundamental  factor  in  all 
these  processes.  It  contains  however  an  abundance  of  valuable 
observations  to  which  frequent  reference  will  have  to  be  made. 
It  is  but  fair  to  state  that  the  present  writer  had  no  knowledge 
of  the  work  of  Gaskell  and  of  Natus  until  a  few  months  ago, 
when  his  own  work  was  already  advanced.  While  engaged  in 
the  study  of  certain  problems  in  the  pathology  of  arteries,  it 
was  thought  useful  to  investigate  some  of  the  reactions  of  li\'ing 
normal  vessels,  especially  of  arteries,  towards  certain  chemicals, 
not  by  the  indirect  methods  of  perfusion,  but  by  direct  observa- 
tion under  the  microscope.     These  observations  were  carried  on 
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for  some  length  of  time  entirely  independent  of  the  work  of 
others. 

The  great  majority  of  these  experiments  were  done  on  the  frog. 
The  frog's  tongue  is  not  a  favorable  object,  for  the  massive  layers 
of  epithelium  and  the  profuse  secretion  of  mucus  make  the  con- 
tact of  the  reagents  with  the  blood  vessels  ver}^  uncertain.  Alkali 
seemed  to  reach  the  blood  vessels  somewhat  more  readily,  but 
acids  were  probably  largely  detained  by  the  mucus.  (Pawlow 
estimates  that  the  mucus  of  the  stomach  neutralizes  up  to  25 
per  cent  of  its  acidity,  and  one  factor  in  the  etiology  of  round  ulcer 
of  the  stomach  may  possibly  be,  as  Kaufmann  has  suggested,  an 
insufficient  secretion  of  mucus.)  The  mesentery  therefore,  was 
the  object  mainly  employed.  The  frogs  were  either  decere- 
brated and  pithed,  or  curarized,  and  it  may  be  stated  at  once 
that  no  essential  difference  in  the  reactions  was  recognizable, 
whether  the  central  nervous  system  was  destroyed  or  whether 
the  animal  was  simply  put  under  the  influence  of  curare.  The 
mesentery  was  spread  over  a  small  cork  ring  in  the  usual  manner, 
but  the  spontaneous  rhythmical  motions  transmitted  to  the  en- 
tire mesentery  from  the  intestines  were  often  annoying,  as  they 
were  Hable  to  interfere  with  the  accm'acy  of  the  measurements. 
The  small  arteries,  and  more  still  the  veins,  are  highly  sensitive 
to  overstretching,  and  respond  to  the  shghtest  strain  beyond 
their  normal  adjustments  with  distortions  and  contractions. 
Complete  stoppage  of  the  circulation  can  be  caused  by  incau- 
tious stretching,  and  when  that  happens  it  is  as  a  rule  impos- 
sible to  restore  the  blood  current  even  after  all  tension  is  elimi- 
nated. Resting  the  mesentery  upon  a  cover  glass  proved  no 
help,  and  was  inconvenient  in  many  other  ways.  All  reagents 
were  dissolved  in  0.75  per  cent  saline.  It  was  necessary  to  guard 
carefully  against  piling  an  excessive  quantity  of  fluid  upon  the 
surface  of  the  mesentery,  for  the  mere  weight  of  the  liquid  would 
often  be  sufficient  to  overstretch  the  vessels  and  cause  serious 
interference  with  the  blood  current.  The  solutions  were  there- 
fore applied  by  means  of  a  small  glass  tube  having  a  rubber  bulb 
at  one  end  and  the  other  drawn  out  into  a  moderately  fine  capil- 
lary.    A  deUcate  thread  of  silk  or  yarn  was  drawn  through  the 
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tube,  fastened  at  the  bulbar  end  and  allowed  to  protrude  for  the 
length  of  a  millimeter  or  two  beyond  the  capillary  opening. 
With  this  little  tube,  and  with  the  aid  of  an  ordinary  dissecting 
microscope,  it  was  easy  to  secure  direct  contact  with  whatever 
part  of  an  artery  or  vein  one  might  select,  and  to  apply  the  re- 
agent in  any  desirable  quantity.  The  thread,  though  thorough- 
ly saturated  with  fluid,  would  nevertheless  frequently  cling  to 
the  vessels,  and  the  latter,  and  with  them  often  the  entire  mesen- 
tery, would  be  apt  to  be  rather  roughly  dragged  about.  Under 
normal  conditions  and  with  good  circulation  the  purely  me- 
chanical irritants  that  could  be  caused  bj^  the  fine  thread  would 
have  no  apparent  effect.  It  was  often  necessary,  too,  to  cleanse 
the  surface  of  the  mesentery  with  some  absorbent  material, 
usually  filter  or  litmus  paper.  This  also  might  involve  consid- 
erable mechanical  u-ritation,  but  under  ordinary  circumstances 
would  cause  no  disturbance.  Under  abnormal  conditions  how- 
ever, even  slight  contact  with  the  thread  or  a  very  gentle  appli- 
cation of  filter  paper  might  cause  vascular  constriction,  first  al- 
ways, and  most  readily  in  the  smallest  A^eins,  then  in  the  larger 
ones,  and  then  in  the  smaller  arteries,  but  never,  in  our  obser- 
vation, in  the  large  main  trunks  at  the  root  of  the  mesentery. 
With  the  magnification  employed  in  all  these  experiments,  noth- 
ing very  definite  can  be  said  about  the  behavior  of  the  capil- 
laries. The  impression  was  that  they  were  not  affected.  Now 
and  then  a  lively  current  might  be  noticed  in  a  group  of  capil- 
laries, while  the  arterioles  in  the  immediate  vicinity  were  closely 
contracted  or  showed  little  or  no  current.  The  reverse  also  was 
not  infrequently  observed,  namely  that  the  current  in  the  capil- 
laries ceased,  while  the  arteries  and  veins  were  apparently  quite 
normal.  The  deformation  caused  by  purely  mechanical  agen- 
cies, if  not  too  severe,  and  if  conditions  are  otherwise  favorable, 
right  themselves,  as  a  rule  spontaneously  and  within  a  reason- 
ably short  time.  The  upper  limit  to  which  this  mechanical  in- 
terference can  be  carried  without  causing  serious  damage  prob- 
ably varies  in  different  organs  and  also  with  the  structure  of  the 
vessels  and  with  the  blood  pressure,  (Straub  (38),  Winkler  (44). 
All  observations  were  made  with  a  Zeiss  Planar  lens  which  mag- 
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nified  sufficiently  for  the  demonstration  of  all  necessary  details, 
and  having  a  focal  distance  of  20  mm.,  permitted  all  desired 
manipulations  on  the  mesentery.  In  addition  to  this,  a  Zeiss 
No.  6  compensating  ocular  was  used  which  contained  a  micro- 
meter scale,  each  division  of  which,  in  this  combination,  was 
equal  to  about  0.025  mm.  An  ordinary  dissecting  microscope 
was  also  found  useful. 

ALKALIES 

All  alkahes  tend  to  contract  the  blood  vessels  (let  it  be  again 
understood  that  capillaries  are  not  considered,  except  when 
special  mention  is  made  of  them).  Up  to  a  certain  limit  of  dilu- 
tion, there  is  no  reaction.  Beyond  this  Umit  the  contraction  of 
the  vessels  is  in  proportion  to  the  concentration.  The  immediate 
effect  of  the  contact  of  the  alkahne  fluid  with  the  blood  vessels 
is  usually  a  stoppage  of  the  current  in  the  arteries  as  well  as  in 
the  veins,  often  with  reversal  of  the  direction  of  current,  especially 
in  the  arteries,  and  oscillation  of  the  blood  column  to  and  fro. 
Cohnheim  has  already  mentioned  this  "va  et  vient"  current. 
OUver  (34)  and  others  have  also  taken  note  of  this  occasional 
cessation  and  reversal  of  the  blood  stream.  With  concentra- 
tions just  strong  enough  to  cause  a  mild  reaction,  the  current 
recovers  almost  immediately  and  continues  regularly  and  in  its 
proper  direction,  though  nearly  always  slower  than  normal,  and 
now  constrictions  begin  to  appear.  There  is  no  e\adence  of  any 
specific  point  of  attack.  The  smaller  veins  and  arteries  are 
most  easily  affected,  but  the  action  of  the  alkali  may  be  promptly 
recognized  wherever  the  solution  happens  to  come  into  contact 
with  the  vessels.  Bj'  means  of  the  capillary  tube  and  string,  it 
is  sometimes  possible  to  confine  the  action  of  the  reagent  to  a 
single  Uttle  spot  on  a  vessel,  and  in  that  case  a  constriction  will 
appear  in  that  place  only  (fig.  1).  This  strict  locahzation  is 
however  not  often  possible.  The  surface  of  the  mesentery  is 
never  quite  level  nor  quite  dry.  There  is  also  more  or  less  con- 
tinuous motion,  and  therefore  there  will  always  be  some  diffu- 
sion, often  in  quite  unexpected  directions  and  over  wide  areas. 
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Braeuning  (5),  who  experimented  on  the  web  of  the  frog's  foot, 
has  ah-eady  pointed  out  the  importance  of  diffusion  in  determin- 
ing the  extent  to  which  the  vascular  apparatus  will  be  affected. 
With  weak  solutions  the  narrowing  of  the  vascular  lumen  pro- 
ceeds very  gradually.  No  definite  peristaltic  wave  is  ever  to 
be  recognized,  and  the  direction  in  which  the  contraction  ad- 
vances is  determined,  apparently  only  by  the  laws  of  diffusion. 
If  the  concentration  is  just  strong  enough  to  produce  a  moderate 


Fig.  1.  A  group  of  vessels  at  the  root  of  mesentery.     An  isolated  constriction 
of  a  vein  touched  with  KOH  -^  . 

effect,  the  contractions  gradually  increase  up  to  a  certain  limit, 
but  never  to  absolute  closure,  and  beyond  this  limit  the  process 
remains  stationary  for  some  time.  At  this  stage  there  appear 
almost  regularly  certain  asymmetries  in  the  outlines  of  the  ves- 
sels. These  have  been  noticed  already  by  some  obser\^ers, 
especially  by  Natus.  The  vessel  is  not  uniformly  contracted 
but  presents  a  series  of  more  or  less  close  constrictions  alternat- 
ing with  wider  areas.     In  well  defined  cases  this  suggests  a  faint 


REACTIONS   OP   BLOOD   VESSELS   TO   CHEMICALS  303 

similarity  with  beads  on  a  string,  and  hence,  for  want  of  a  better 
word,  this  peculiar  phenomena  is  referred  to  in  our  protocols 
as  "beading."  On  closer  scrutiny  of  this  so-called  beading,  one 
sees  that  the  vascular  walls  are  not  smooth  and  even,  but  that 
there  are  areas  of  thickening,  sometimes  on  one  side  only,  more 
often  on  both  sides  of  the  wall  and  more  or  less  regularly  dis- 
tributed along  the  vessels,  opposite  to  each  other.  These  areas 
of  increased  thickness  correspond  to  the  places  of  constriction, 
and  the  degree  of  thickening  is  in  direct  proportion  to  the  degree 
of  contraction.  In  the  more  advanced  stages  of  contraction, 
the  thickening  of  the  walls  of  the  vessels  will,  as  has  been  stated, 
be  uniform  and  perfectly  even  throughout  the  entire  length  of 
the  contracted  portion.  It  is  only  in  the  lesser  degrees  of  shrink- 
age that  these  partial  strictures  appear,  the  mechanism  of  which 
is  not  quite  clear.  It  is  difficult  to  understand  wh\'  a  few  cir- 
cular fibers  are  thus  seen  to  contract  and  others  immediately 
adjoining  on  both  sides  preserve  their  normal  tonus.  It  does  not 
make  any  difference  whether  the  central  nervous  system  is 
destroyed  or  whether  the  animal  is  merely  curarized. 

Under  the  influence  of  the  alkali  the  blood  current  as  a  rule  is 
slower  than  normal,  but  it  not  infrequently  happens,  and  for 
reasons  that  are  not  quite  clear,  that  the  current  races  with  great 
velocity  through  the  contracted  vessels.  With  increasing  con- 
centrations the  contractions  become  closer,  so  that  only  an  ex- 
tremely thin  stream  of  plasma  with  cells  apparently  in  single 
file  is  seen  to  pass  through  the  arteries,  while  in  the  irregularly 
contracted  vein  the  current  has  entirely  ceased,  or  is  extremely 
sluggish  and  oscillating  jerkily  backward  and  forward  (fig.  2). 
It  can  thus  come  about  that  all  the  vessels,  arteries,  veins  and 
capillaries  of  the  exposed  mesentery  are  finally  collapsed  and, 
with  the  exception  of  the  main  trunks  at  the  root,  completely 
empty  or  nearly  so;  possibly  some  plasma  carrying  an  occasional 
blood  corpuscle  still  trickling  through  here  and  there.  If  this 
condition  is  not  permitted  to  last  too  long,  and  the  concentra- 
tion of  the  alkali  has  not  been  strong  enough  to  directly  injure 
the  vascular  apparatus,  complete  restitution  to  the  normal  is 
still  possible.     By  removing  the  alkali  from  the  surface  of  the 
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mesentery  with  filter  paper  and  careful  washing  with  normal 
saline,  the  normal  circulation  may  gradually  be  restored,  and  it 
is  surprising  to  see,  when  the  circulation  seems  hopelessly  gone, 
how  it  will  sometimes  pick  up  again  and  in  course  of  time  be  as 
vigorous  as  ever.     This  restitution  to  the  normal  can  also  take 


Fig.  2.  Shows  extreme  contraction  of  artery  and  in  less  degree  of  vein,  with 
some  "beading,"  after  application  of  KOH  -^  . 

place  spontaneously  without  any  extraneous  effort  to  remove 
the  alkali,  presumably  when  the  quantity  of  alkaline  solution 
and  its  concentration  are  not  too  great,  and  the  normal  defenses 
of  the  tissues  are  sufficient  to  cope  with  it.  The  application  of 
stronger  alkahne  solutions  is  followed  almost  immediately  by 
very  close  contraction  of  arteries  and  veins  and  complete  stop- 
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page  of  the  current.  The  vessels  are  empty  and  narrowed  down 
to  a  thin  thread.  The  vascular  walls  stand  out  quite  distinctly, 
are  apparently  thicker  than  normal  and  quite  even  without  any 
trace  of  "beading."  WTien  this  stage  has  been  reached,  no  re- 
covery is  possible.  All  efforts  to  neutralize  the  alkali  by  means 
of  dilute  acids  or  to  remove  it  by  the  usual  methods  of  absorp- 
tion and  washing,  are  of  no  avail,  and  the  circulation  remains 
iiTetrievably  abohshed.  TNIien  weaker  concentrations  are  em- 
ployed, alternation  of  more  or  less  close  constriction  and  return 
to  the  normal  may  be  repeated  several  times.  It  is  to  be  noted, 
however,  as  Braeuning  has  already  pointed  out,  that  the  irri- 
tability of  the  vascular  muscle  increases  with  each  successive 
stimulation,  and  that  there  is  thus  a  summation  of  effects;  so 
that  after  a  certain  time,  the  limits  of  which  have  not  yet  been 
ascertained,  the  alternation  of  contraction  and  relaxation  can 
no  longer  be  produced  and  the  vessels  finally  remain  in  a  state  of 
permanent  contraction.  Natus  finds  that  the  veins  are  less  sus- 
ceptible and  respond  more  slowly  to  irritation  than  the  arteries. 
In  our  own  experiments  much  irregularity  in  this  respect  could 
be  observed.  Sometimes  it  was  the  vein  which  responded  al- 
most instantaneously  to  the  alkali,  while  the  artery  remained 
unaffected  for  a  much  longer  time.  At  other  times  the  arteries 
could  be  seen  contracted  almost  to  complete  closure,  while  the 
veins,  though  the  current  in  them  was  sluggish  almost  to  stasis, 
showed  no  signs  of  contraction.  There  evidently  are  a  number 
of  highly  complex  factors,  leaving  out  of  consideration  alto- 
gether the  functions  of  the  nerves,  wliich  are  concerned  in  these 
processes.  It  is  probably  safe  to  conclude  that  there  is  no  dif- 
ference in  principle  regarding  the  response  to  the  action  of  alka- 
lies between  arteries  and  veins. 

Nothnagel  (32)  in  a  series  of  well  known  experiments  found 
that  potassium  affects  the  smooth  muscle  of  the  intestine  of  the 
rabbit  otherwise  than  sodium,  and  he  suggested  that  potassium 
probably  acts  directly  upon  the  muscle,  while  sodium  produces 
its  effect  by  means  of  stimulation  of  the  constrictor  nerves.  In 
our  experiments  no  difference  in  the  action  of  hydrate  of  potas- 
sium, sodium  and  ammonium  upon  the  smooth  muscle  of  the 
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blood  vessels  could  be  seen.  The  constricting  effect,  its  inten- 
sity and  form,  appeared  to  depend  entirely  upon  the  hydroxyl- 
concentration.  The  lower  limit  of  this,  that  is  the  concentra- 
tion at  which  the  very  first  and  just  recognizable,  but  momentary, 
constricting  effect  is  visible  and  which  often  requires  some  addi- 
tional mechanical  stimulation,  is  in  the  neighborhood  of  pH  =  9. 
The  behavior  of  NaHCOj  may  serve  as  an  illustration.  Con- 
centrations of  and  even  distinctly  alkaline  to  litmus 

20  10 

cause  but  a  very  slight  narrowing  and  beading  of  the  veins  and 
to  a  less  degree  of  the  arteries.  Very  frequently  this  constrict- 
ing effect  becomes  apparent  only  after  the  surface  of  the  mesen- 
tery has  been  slightly  compressed  with  Utmus  paper  for  the  pur- 
pose of  drying  and  of  testing  the  reaction.  This  purely  mechan- 
ical irritation,  which  as  numerous  experiments  have  shown,  does 
not  cause  any  disturbance  under  normal  conditions,  will  now 
under  the  influence  of  the  bicarbonate  of  soda  almost  invariably 
cause  a  number  of  constrictions  to  appear.  It  is  quite  possible 
that  the  pressm-e  of  the  litmus  paper  serves  to  bring  the  alkaline 
fluid  into  closer  touch  with  the  blood  vessels  and  thus  promotes 
the  constricting  effect.  It  should  also  be  considered  that  pos- 
sibly carbonic  acid  may  be  set  free  and  that  this  would  tend  to 
counteract  the  effect  of  alkali.  The  quite  unusual  dark  color  of 
the  blood  circulating  in  the  veins,  causing  them  to  appear  al- 
most black,  whenever  NaHCOs  is  apphed,  seems  to  speak  for 
this,  but  as  the  hydroxyl-concentration  of  the  solution  lies  be- 
tween pH  =  8.5  and  pH  =  9,  this  fact  is  in  itself  sufficient  to 
account  for  the  uncertain  action  of  the  sodium  bicarbonate.  A 
concentration  of  about  pH  =  11  seems  to  be  necessary  to  induce 
constant,  but  very  mild  response,  while  forceful  and  close  con- 
strictions follow  immediately  upon  concentrations  of  pH  =  12. 
Our  experience,  as  will  be  readily  seen  from  this,  differs  from  that 
of  Hooker  (19,  20),  who  concludes  from  his  perfusion  experi- 
ments that  vascular  tone  is  diminished  by  potassium  and  sodium 
ions. 
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ACIDS 

The  action  of  acids  upon  blood  vessels  is  very  much  more  com- 
pUcated  than  that  of  alkalies.  All  observers  seem  to  agree  that 
dilute  acids  stimulate  the  blood  cm'rent  and  dilate  the  blood  ves- 
sels, principally  the  arteries,  but  also  the  veins,  and  probably 
also  the  capillaries  (Severini  (37).  The  peculiar  arrangement  of 
the  musculature  of  the  blood  vessels  admits  of  contraction  even 
to  complete  closure,  but  there  appears  to  be  no  special  appa- 
ratus for  active  dilatation,  so  that  any  increase  in  diameter  is 
brought  about  by  relaxation  of  the  contracting  fibers  and  can- 
not therefore  greatly  exceed  the  normal.  While  the  constrict- 
ing effect  of  alkahes  is  fairly  constant  and  uniform,  there  is  not 
quite  so  much  uniformity  in  the  action  of  acids.  Loeb  (24)  has 
long  ago  called  attention  to  the  fundamental  differences  in  the 
biological  action  of  various  kinds  of  acids.  On  the  whole  it  may 
be  said  of  acids  just  as  well  as  of  alkalies,  that  then-  action  upon 
blood  vessels  depends  largely  upon  their  hydrogen-ion  concentra- 
tion. Concentrations  of  about  pH  =3  seem  to  be  approximately 
the  lower  limit  of  dilator  activity.  As  the  concentrations  pro- 
gress towards  the  neutral  hmit,  thej'  become  inactive,  but  con- 
centrations much  below  pH  =  3  seem  invariably  to  cause  con- 
striction. It  is  not  the  pm'pose  of  the  present  writer  to  attempt 
an  analysis  of  these  extremely  comphcated  chemical  and  physi- 
cal conditions  and  of  the  disturbances  of  what  has  very  recently 
been  designated  as  the  Vital  Equilibrium  (Spaeth  (40).  It  is 
merely  proposed  to  report  some  observations  without  any  at- 
tempt at  elaborate  interpretation. 

The  dilating  effect  of  very  dilute  acids  is  as  a  rule  rather  trans- 
itory, and  the  return  to  normal  dimensions  occurs  quite  promptly, 
as  soon  as  the  acid  stimulation  is  interrupted;  this  return  tak- 
ing place  much  more  quickly  than  the  recovery  after  even  very 
shght  alkahne  reactions.  Some  acids  retain  their  dilating  prop- 
erties in  dilutions  that  no  longer  redden  litmus.  It  may  some- 
times be  observed  that  solutions  rendering  the  surface  of  the 
mesentery  distinctly  acid  to  litmus,  will  no  longer  show  this 
reaction  when  their  stimulating  effect  upon  the  circulation  has 
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passed,  and  the  vessels  have  returned  to  the  normal.  This  may 
at  times  perhaps,  be  due  to  the  inadvertant  contamination  of 
the  surface  of  the  mesenterj'  with  intestinal  contents  or  with  the 
frequently  quite  profuse  abdominal  fluid.  In  the  case  of  cer- 
tain acids,  however,  as  for  example  acid  sodium  phosphate,  lactic 
acid,  and  others,  the  tissues  themselves  may  be  supposed  in  all 
likelihood  to  take  an  active  part  in  this  neutralization.  AppU- 
cation  of  stronger  solutions  may  perhaps  be  followed  by  an  in- 
stantaneous but  only  momentary  stimulation  of  the  current  and 


Fig.  3.  Small  artery  and  vein  both  showing  considerable  constriction  and 
"beading"  after  application  of  HCl  -^  .     The  smaller  vessel  is  the  artery. 


a  dilatation  almost  too  evanescent  to  be  measured,  but  to  this 
succeeds  without  exception,  a  more  or  less  complete  stoppage  of 
the  blood  current  and  constriction  of  the  vessels.  The  same  un- 
certainty as  regards  the  relative  susceptibility  of  arteries  and 
veins,  that  has  been  noticed  with  alkaUes,  obtains  also  with  acids. 
Sometimes  the  veins  are  apparently  more  easily  affected,  and 
again  the  arteries  seem  more  liable  to  constriction.  Dilatation 
is  certainly  more  pronounced  in  the  arteries.  Altogether  the 
impression  remains  that  the  arteries  respond  more  promptly 
and  vigorously  (fig.  3).     The  contractions   of  the  vessels    are 
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rarely  as  extensive  as  in  the  case  of  strong  alkali,  but  are  usually 
more  or  less  localized,  due  to  irregular  conditions  of  diffusion. 
In  further  contrast  to  alkaline  reaction,  the  blood  vessels  are 
not  emptied  and  collapsed,  but  the  current  seems  to  stop  abrupt- 
ly, leaving  the  vessels,  except  in  those  places  where  there  is  very 
close  constriction,  filled  with  blood,  often  clotting,  but  not  show- 
ing any  signs  of  hemolysis.  These  results  seem  to  indicate  that 
the  muscles  of  the  blood  vessels  react  somewhat  differently  to 
acids  and  alkali  than  the  heart  muscle,  for  Loevenhart  and 
Eyster  (26)  find  that  the  heart  when  perfused  with  alkali,  con- 
tracts, but  comes  to  rest  in  relaxation,  while  perfusion  with  acid 
dilates  it,  but  terminates  in  contraction.  Natus  concludes  that 
the  vasodilators  respond  more  promptly  to  weak  stimuli,  but  that 
the  vaso-constrictor  effect  predominates  as  the  stimulation  be- 
comes more  potent.  He  has  not  undertaken  a  systematic  in- 
vestigation of  the  action  of  acids  and  alkalies,  but  it  is  interest- 
ing to  note  that  our  results  with  acids  upon  the  mesentery  of 
the  frog  are  almost  identical  with  the  effect  observed  by  him  of 
increasingly  high  temperatures  upon  the  mesentery  and  pan- 
creas of  the  rabbit.  Dilute  acids  do  not  as  a  rule  act  as  promptly 
as  alkali.  It  seems  occasionally  as  if  a  certain  time  were  required 
for  the  acid  to  unfold  its  activity,  though  this  varies  very  much 
with  the  nature  of  the  acid  and  the  degree  of  concentration. 

But^Tic  acid  for  instance,  in  adequate  concentration,  say  • 

pH  =  3,  dilates  and  stimulates  instantaneously.^     Hydrochloric 

acid— — — -pH  =  3,  acts  so,  that  an  artery  which  may  have  meas- 
1000  J  J 

ured  6  (these  figures  indicate  the  number  of  spaces  of  the  mi- 
crometer scale),  is  presently,  after  the  application  of  the  acid, 
dilated  up  to  8,  and  the  blood  current  is  seen  rushing  through  the 

'  One  peculiarity  of  this  acid  ought  not  to  pass  without  notice.  In  a  certain 
unexplained  way  the  frogs  seemed  to  be  extremely  sensitive  to  this  acid.  It 
seemed  to  make  no  difference  whether  they  were  merely  under  the  influence  of 
curare  or  whether  the  brain  and  spinal  cord  had  been  completely  destroyed.  At 
each  application  of  the  acid,  the  animal  would  twitch  violently,  though  making 
no  attempt  to  wij^e  away  the  irritant  with  its  feet. 
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vessels  with  considerably  increased  velocity.     The  application. 

,  .  mol     T-.        ^    mol  -  niol     ^^       ,    , 

however  of  pH  =  2,  pH  =  1 .4,  —  pH  =  1.1  cause 

100  20    ^  '    10 

progressively  greater  constrictions  and  very  soon  complete  sus- 
pension of  the  circulation.  Sulphuric  and  nitric  acid  behave  in 
all  essentials  like  hydrochloric.     Boric  acid,  on  the  other  hand, 

in  a  dilution  of  — -—  pH  =  .5.4  will  dilate  an  artery  5  to  6.     In 
100  '  -^ 

much  the  same  way  have  tartaric,  phosphoric,  acetic,  oxalic, 

benzoic,  formic  acids,  and  acid  phosphate  of  soda  been  found  to 

behave.     Lactic  acid  follows  approximately  the  same  rules  — ^ 

pH  =  2.6  can  still  dilate  an  artery  fron  4  to  6;  concentrations 
below  this  however,  act  as  vaso-constirctors. 

A  number  of  neutral  salts  proved  entirely  inactive.     Thus 

magnesium  sulphate  and   manganous  sulphate  in  — -  dilution 

had  no  effect  whatsoever.  Hypertonic  (2  per  cent)  NaCl  solution 
had  a  very  curious  action.  A  few  drops  upon  the  mesentery 
caused  all  circulation  to  stop  immediately.  It  seemed  as  if 
there  remained  no  time  for  a  single  pulsation,  and  arteries,  veins 
and  capillaries,  appeared  filled  to  the  utmost  with  blood  and  the 
picture  which  the  mesentery  presented  was  very  much  like  that 
of  an  artificial  injection.  Calcium  chloride  in  thin  dilutions  had 
no  effect.     A  moderate  constricting  action  became  evident  at , 

about  — — ,  but  only  after  a  period  of  latency  varjdng  between  4 

and  10  minutes  and  even  then  the  contractions  developed  very 
slowly  and  gradually.     Barium  chloride  acts  as  a  very  powerful 

constringent  in  dilutions  of  about  — --,  the  constricting  action 

,    ,  .  ,  .  Mol  ^ 

mcreasmg  m  mtensity   with  higher  concentrations.     — tt:  has 

no  effect.  It  takes  as  a  rule  fully  5  minutes  before  the  constrict- 
ing effect  of  barium  becomes  visible.     Lead  acetate  and  nitrate, 

in  dilutions  of  -—  and  even  less,  cause  prompt  and  intense  con- 
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traction  and  stoppage  of  the  blood  current.  It  is  probable  that 
the  constricting  effect  of  these,  mostly  neutral  salt  sohitions, 
upon  the  blood  vessels  and  the  circulation,  is  due  to  the  action 
of  the  kations,  but  the  mechanism  of  this  action  is  doubtless  most 
complex  and  difficult  to  unravel.  Harvey  (17)  warns  us  that 
"functional  changes  cannot  be  used  as  a  criterion  of  permea- 
biUty."  It  may  well  be  that  some  of  these  substances,  the  strong 
alkalies  and  acids,  lead,  barium,  and  other  metals,  destroy  the 
surface  properties  of  the  cells,  and,  as  Loeb  (23,  25)  has  suggested, 
enter  uito  chemical  combinations  with  some  components  of  the 
protoplasm  and  thus  tend  to  alter  its  properties. 

Potassium  iodide  —r-  thougli  apparently  neutral  causes  an 

immediate  and  rather  violent,  one  might  say,  spasmodic,  con- 
traction which  however,  is  only  quite  transitory.  After  a  very 
short  while  the  vessels  resume  their  normal  dimensions  and  func- 
tions. Potassium  bromide  acts  similarly,  liut  not  quite  so  vio- 
lently. Some  hydrolysis  of  the  salts  had  taken  place  in  these 
solutions,  but  as  the  hydrogen-ion  concentration  after  all,  was 
in  the  neighborhood  of  pH  =  5,  it  does  not  seem  probable  that 
the  potassium  causes  these  constrictions  and  one  might  think  of 
the  possibility  of  such  action  on  the  part  of  iodin  and  bromin. 

For  the  purpose  of  studying  these  phenomena  under  some- 
what different  conditions  a  series  of  experiments  was  carried  out 
according  to  the  method  initiated  by  O.  B.  Meyer  (31)  and  de- 
veloped and  modified  by  Voegtlin  and  Macht  (42).  For  further 
details  of  the  method,  the  reader  is  referred  to  the  latter  publi- 
cation. In  our  experiments  a  chain  of  4  rings  cut  from  the  carotis 
of  a  freshly  slaughtered  ox,  and  immersed  in  Ringer's  fluid,  at  a 
constant  temperature  between  37°  and  38°,  was  attached  to  a 
lever  writing  upon  a  drum  which  completed  one  revolution  in 
about  8  hours.  The  adjustment  employed  magnified  about 
six  and  one-third  times.  The  results  obtained  with  alkalies  in 
this  series  of  experiments,  comcided  very  satisfactorily  with  the 
observations  on  the  mesentery  of  the  frog.  Hydroxyl  concen- 
trations of  pH  =  12  drove  the  lever  upward  almost  instanta- 
neously and  with  such  force  as  frequently  to  throw  it  beyond  the 
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upper  margin  of  the  drum.  Lower  concentrations  acted  pro- 
portionately less  violently  and  more  gradually.  With  acids  our 
experience  was  somewhat  different.  It  was  impossible  to  ob- 
tain any  definite  dilation  or  relaxation  of  the  tonus  with  any  acid 
or  with  any  degree  of  dilution.  On  the  other  hand  the  constrict- 
ing effect  of  acid  solutions  was  readily  obtained  and  agreed  per- 
fectly with  the  results  on  the  mesentery.  The  results  obtained 
with  various  salts,  neutral  and  otherwise,  also  agree  well  with 
those  from  the  mesentery.  Figures  4,  5,  and  6  will  serve  to  illus- 
trate these  findings. 

It  is  perhaps  permissible  to  conclude  from  this  that  alkalies 
and  the  stronger  concentrations  of  acids,  act  in  some  way  directly 
upon  the  muscle  cells  of  the  blood  vessels,  and  cause  them  to 
contract,  while  the  inhibitory  effect  on  the  vascular  tonus,  the 
power  to  dilate  blood  vessels  to  a  certain  extent,  and  accelerate 
the  circulation,  which  very  high  dilutions  of  acids  undoubtedly 
possess,  seems  to  depend  upon  stin:iulation  of  the  vaso-dilators. 
This  hypothesis,  if  true  at  all,  does  probably  not  apply  to  the 
entire  vascular  system.  The  statement  of  Alexander  Monroe 
(1783)  that  vaso-motor  nerves  are  not  to  be  found  in  the  bram, 
has  since  been  confirmed  by  some  (Roy  and  Sherrington  (36), 
denied  by  others,  but  the  researches  of  Langendorff  (22)  speak 
very  strongly  for  the  chemical  regulation  of  the  blood  supply  in 
the  brain  and  mainly  by  the  products  of  its  own  metabolism. 
There  is  considerable  e\'idence  that  smooth  muscle  reacts  dif- 
ferently upon  stimulation  in  different  organs.  The  muscles  of 
the  stomach,  intestines,  ureter,  uterus,  etc.,  are  probably  ad- 
justed to  specific  reactions  upon  stimulation  by  then-  own  spe- 
cific metabolites;  by  endocrine  products;  etc.,  and  all  of  these  naay 
well  act  specifically  also  upon  the  special  vascular  apparatus  of 
each  of  these  organs. 

As  much  has  been  written,  of  late,  about  spontaneous  move- 
ments of  the  blood  vessels  enthely  mdependent  of  the  action  of 
the  heart  (Gruetzner  (12),  Hasebroek  (18),  Homberger  (13), 
Full  (9),  Severini  (37),  Mathes  (30)  and  numerous  others)  and 
as  the  subject  is  still  under  discussion,  it  may  be  well  to  mention, 
just  in  passing  and  without  any  intention  of  entering  into  the 
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controversy,  that  it  has  been  possible  on  a  number  of  occasions 
to  see  the  arteries,  and  in  a  lesser  degree  the  vems,  dilate  and  con- 
tract rhythmically  at  intervals  of  a  fraction  of  a  minute.  The 
change  of  volume  amounted  at  the  very  utmost  to  not  more  than 
1  space  of  the  micrometer  scale.  The  conditions  which  niight 
favor  these  spontaneous  movements  were  not  investigated. 

As  a  further  illustration  of  the  methods  employed  some  few 
and  characteristic  of  the  very  numerous  protocols  are  subjoined. 

Experiment  56.    Frog  decerebrated  and  pithed.     Arterj^  measures 

about  5.     Application  of  sodium  hydrate  — — .     After  about  7  minutes 

artery  measiu-es  3,  while  the  veins  which  have  been  much  narrowed 
and  have  shown  considerable  "beading"  are  recovering.  After  another 
3  minutes  the  artery  beginning  to  dilate,  another  application  of  the 
same  solution  in  the  same  place.  Again  after  3  minutes  the  artery 
is  considerably  beaded,  measuring  at  the  narrowest  places  less  than  1 
and  in  the  interspaces  about  3.  The  adjacent  veins  also  much  narrowed. 
The  current  in  the  artery  almost  completely  stopped.  Washing  with 
normal  saline.     After  about  6  minutes,  veins  ahnost  normal,  arteries  still 

beaded  and  about  same  measurements.     Lactic  acid  — —  pH   =   3.08 

applied.  After  2  minutes  the  current  in  the  arteries  is  distinctly 
more  lively  and  the  constrictions  very  slowly  begin  to  loosen. 
Within  the  next  4  minutes,  2  applications  of  the  same  solution  of  lac- 
tic acid  are  made.  The  point  of  greatest  constriction  has  dilated  from 
1  to  about -3  and  the  interspaces  to  about  4.  Some  of  the  capillaries 
are  resuming  their  current.  After  10  minutes  artery  has  slowly  al- 
most regained  its  normal  measure  and  the  capillaries  are  active.  The 
field  is  carefull}'  dried  with  litmus  paper  and  a  local  application  of 

potassiiun  hydrate  -— r-  is  made  to  another  artery  which  shows  imme- 

diate  slowing  of  the  current  and  narrows  down  to  ahnost  filiform  for 
some  distance  above  and  below  the  point  of  contact.  Cuculation  in 
capillaries  has  stopped.  Current  in  the  constricted  artery  is  swift, 
but  the  lumen  of  the  vessel  which  originally  was  a  little  more  than  5 
has  narrowed  down  to  about  1  without  any  "beachng."  After  7  min- 
utes dilatation  is  beginning,  but  considerable  "beading"  appears. 
After  another  3  minutes  the  artery  is  recovering,  lumen  almost  3. 
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Washing  with  lactic  acid  -^r--  =  pH  3.08.     Artery  dilates  ahnost  at 

once,  the  current  in  both  arteries  and  veins  is  very  hvely,  in  the  capil- 
laries it  is  slowly  being  resumed.  After  10  minutes,  another  washing 
with  lactic  acid  and  after  3  minutes  more,  the  potassiimi  artery  is  fairly 
normal,  the  sodium  artery  still  shows  some  signs  of  constriction. 

Experiment  68.     Frog  is  curarized.     Artery  selected  measures  be- 
tween 5  and  6  just  above  bifurcation.     A  vein  to  the  left  measures  5, 

to  the  right  one  that  measures  4.     AppUcation  of  — —  neutral  ealciima 

chloride,  the  current  is  somewhat  slower.  After  5  minutes  another 
application  of  the  same  solution  without  any  effect.  After  6  minutes 
the  mesentery  is  dried  with  htmus  paper  which  has  no  effect  upon  the 
current  or  the  measurements  of  the  arteries  and  shows  no  reaction. 

After  4  minutes  application  of  -;r—  neutral  magnesium  sulphate.     After 

another  5  minutes  another  application  of  the  same  solution.  After 
about  17  minutes  there  is  no  change.  Measurements  are  the  same, 
blood  current  even  in  the  capillaries  is  excellent.  The  mesentery  is 
dried  with  litmus  paper  which  shows  neutral  reaction,  and  there  is  no 
efifect  upon  the  current  or  the  vessels.  After  about  further  8  minutes, 
conditions  being  perfectly  normal,  application  is  made  of  potassium 

iodide  — — .     Within  a  minute  the  blood  current  racing  along  with  con- 

siderable  velocity,  the  artery  is  violently  constricted  from  the  periphery 
towards  the  center.  At  the  original  point  of  measure,  it  is  barely  3. 
The  vein  is  hardly  affected.  After  about  a  minute,  the  artery  has  prac- 
tically assumed  its  normal  dimensions.  After  5  minutes  another  appUca- 
tion  of  the  same  solution  of  potassium  iodide  was  made  and  immediately 
again  the  artery  is  narrowed  from  periphery  towards  the  center  so 
that  at  point  of  greatest  constriction,  it  measures  a  little  more  than  1. 
The  vein  again  does  not  seem  to  be  touched.  Within  a  minute  the 
artery  begins  to  dilate  again,  but  the  recovery  this  second  time  is  not 
as  rapid  as  at  first.  10  minutes  later  everj^hing  is  normal,  the  artery 
having  long  before  regained  its  normal  dimensions.  The  surface  of 
the  mesentery  is  dried  with  filtering  paper  without  any  effect  upon  the 

current  or  the  vessels.     -— -  potassium  bromide  is  applied.     Imme- 

diately  thereupon  there  is  a  very  shght  narrowing  of  the  artery  and 
also  of  the  vein.     The  blood   current   everywhere  is  perfect.     After 
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another  5  minutes  the  vein  having  now  recovered,  another  application 
of  the  same  solution  of  potassiimi  bromide  is  made.  Again  there  is  an 
immediate  narrowing  of  the  vein  and  also  a  very  sHght,  hardly  measure- 
able,  narrowing  of  the  artery.  After  10  minutes  the  artery  has  recov- 
ered completely,  but  the  vein  is  still  considerably  narrowed  measuring 
over  a  great  part  of  its  length  barely  2,  and  its  current  is  very  sluggish. 
The  mesentery  is  dried  with  filtering  paper  which  has  no  disturbing 
influence.  After  5  minutes  the  vein  is  no  longer  uniformly  narrowed, 
but  begins  to  dilate,  showing  still  considerable  constriction.  The  artery 
and  capillaries  are  normal,  and  the  blood  current  everywhere  good. 

Application  is  made  of  formic  acid  — —  pH  =  2.9.     After  2  minutes 

artery  is  distinctly  narrowed,  now  barely  3,  with  considerable  "bead- 
ing" throughout  its  entire  extent.  The  vein  is  slowly  dilating.  After 
another  .3  minutes,  the  vein  is  still  not  normal,  though  dilating,  the 
artery  about  the  same,  the  current  very  swift.  Another  application  of 
the  same  solution  of  formic  acid.  There  is  no  further  narrowing  of  the 
artery  which  is  much  beaded  but  seems  as  if  it  were  beginning  to  re- 
cover. The  vein  is  still  slowly  dilating.  All  the  capillaries  are  working. 
After  another  5  minutes  the  vein  is  almost  normal,  the  artery  undoubt- 
edly recovering,  having  in  some  places  its  normal  measurement  and 
at  places  of  greatest  constriction,  now  measuring  about  4.  Blood  cur- 
rent in  arteries,  veins  and  capillaries,  excellent.  Experiment  which 
has  lasted  nearly  2  hours  closed. 

Experiment  80.     Frog  decerebrated  and  pithed.     Normal  measure 

of  artery  a  little  more  than  6.     Hydrochloric  acid  -—  pH  =  2  applied 

and  within  1  minute,  artery  is  nearly  8.  After  4  minutes  again  normal 
dimensions.  After  wiping  with  blue  litmus  which  fails  to  show  acid 
reaction  and  application  of  normal  saline,  artery  is  nearly  7.  A  sec- 
ond application  of  — —  hydrochloric  acid  and  within  a  minute  artery 

nearly  8.  Cm-rent  in  the  small  capillaries  seems  occasionally  to  stop 
until  a  small  lump  of  agglutinated  red  cells  is  thrust  through  with  great 
great  force  when  the  cm-rent  becomes  normal  again.  This  process  is 
repeated  again  and  again  but  gives  place  to  normal  conditions  after 
about  5  minutes.  The  artery  now  has  its  normal  dimensions.  Blue 
Utmus  is  not  reddened.  Normal  saline  is  applied  and  the  artery  nar- 
rows somewhat.     After  several  minutes,  application  of  — —  sodium 
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hydrate  is  followed  immediately  by  slight  beading  of  both  artery  and 
vein.  After  3  minutes  arter}-  5.  After  another  6  minutes  applica- 
tion of  — —  hydrochloric  acid.     Cm-rent  at  once  becomes  more  rapid 

and  arterj'  normal.  Beading  has  disappeared,  but  after  another  2 
minutes  the  arterj^  narrows  down  to  5.  After  still  another  3  minutes 
the  surface  of  the  mesenterj-  still  reddens  blue  litmus  and  the  artery 

remains  at  5.     6  minutes  thereafter  -— -  sodium  hydrate.     Artery  is 

80 

reduced  to  4  with  pronounced  beading.  After  a  couple  of  minutes  the 
artery  spontaneously  dilates  to  nearly  5.  In  the  course  of  the  last  10 
minutes,  it  can  be  observed  that  without  any  external  interference 
there  is  a  rhythmical  contraction  and  dilatation  of  the  artery  alternat- 
ing at  half  minute  intervals.     After  another  few  minutes  application  of 

-^p-  hydrochloric  acid.     Current  in  capillaries  stops  immediately,  but 

beading  disappears,  the  vessels  begin  to  dilate  and  after  about  2  min- 
utes the  artery  measures  6,  but  after  another  2  minutes  an  entirely 
spontaneouslj-  narrowing  begins  so  that  after  about  7  minutes,  the 
artery  measures  not  quite  4.  15  minutes  later  washing  with  normal 
saline  which  causes  immechate  but  temporarj'  stoppage  of  all  current 
and  a  narrowing  of  the  artery  to  a  httle  over  3.  About  10  minutes  there- 
after the  current  in  arteries  and  veins  has  regained  normal  velocitj-  but 
in  the  capillaries,  it  has  not  yet  recovered.  The  raeasm-ement  of  the 
artery  is  now  a  Uttle  more  than  5  and  remains  so.  Experiment  has 
lasted  about  2  hours. 

Experiment  71.  Frog  decerebrated  and  pithed.  BriUiant  current 
in  arteries,  veins  and  capiOaries.  In  order  to  test  the  effect  of  mere 
mechanical  irritation,  a  thread  that  had  never  been  used,  but  w&s 
simply  moistened  with  normal  saline  is  emploj-ed  to  stroke  and  push 
about  some  of  the  larger  arteries  and  adjoining  veins  for  a  greater  part 
of  a  minute.  No  effect  was  visible  on  the  artery,  but  some  of  the  veins 
responded  by  some  narrowing  and  constriction,  but  no  beading.  This 
pm-ely  mechanical  effect  passes  very  promptly  and  in  a  very  short  time 
the  vein  resumes  its  normal  dimensions  without  any  alteration  in  the 
current.     As  soon  as  everj-thing  had  become  entirely  normal,  a  local 

application  is  made  to  one  of  the  larger  arteries  of  — —  bariimi  nitrate. 

The  current  at  once  both  in  the  artery  and  adjoining  veins  becomes 
slow  and  oscillates.     There  is  no  current  in  the  surrounding  capillaries. 
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In  about  2  minutes  a  number  of  veins  collapse  and  become  almost  en- 
tirely empty.  It  takes  fully  5  nunutes  however  before  the  artery  shows 
any  effect,  then  there  is  almost  complete  closure  and  the  current  is 
extremely  slow.  After  about  5  minutes  washing  with  normal  sahne, 
but  the  constriction  goes  on  and  the  artery  now,  about  10  minutes  after 
the  application  of  the  barium,  is  simply  a  straight  line  with  a  thin 
thread  of  red  corpuscles  in  single  file  passing  through  it.  There  are 
constrictions  of  various  degrees  in  the  veins.  15  minutes  thereafter 
the  effect  of  the  barium  is  still  unaltered,  the  current  extremely  slug- 
gish and  more  or  less  contraction  of  all  vessels.  The  surface  of  the 
mesentery  is  dried  with  filtering  paper  and  again  normal  sahne  applied. 
After  another  15  minutes  the  original  artery  is  almost  normal,  the  veins 
less  so,  but  much  improved.     The  current  is  very  slow  and  more  or  less 

irregular.     Application  is  made  of  — — —  lactic  acid  pH  =  3.4 .     In  about 

minute  the  current  is  decidedly  stimulated,  the  constricted  veins  are 
beginning  to  dilate  and  some  of  the  capillaries  which  have  been  empty 
are  showing  current  again.  After  another  5  minutes  another  applica- 
tion of  — — -  lactic  acid  is  made.  The  current  remains  good  and  the  sur- 
face is  dried  after  a  while  with  filter  paper  and  washed  with  normal 
saline.  After  about  15  minutes,  the  current  everywhere  is  somewhat 
slow,  but  fairly  regular.  The  mesentery  is  again  dried  with  filter  paper 
and  a  local  application  is  made  of  a  2  per  cent  solution  of  NaCL.  Al- 
most instantaneously  the  current  in  the  capillaries,  arteries  and  veins, 
large  and  small,  stops  completely  without  any  constriction,  so  that  all 
the  vessels  are  gorged  with  blood  and  the  mesentery  looks  as  if  it  had 
been  artificially  injected.  After  5  minutes,  the  mesentery  is  dried  with 
filter  paper  and  then  washed  with  normal  saline.  After  about  10  min- 
utes the  circulation  appears  to  be  starting  up  again  in  some  of  the 
arteries  and  veins  and  in  many  of  the  capillaries,  and  it  seems  that  if 
time  were  given,  the  circulation  would  recover. 

Summing  up  results  the  wTiter  is  fully  conscious  that  there  still 
remain  sufficient  problems  that  have  not  been  solved  and  dis- 
crepancies that  have  not  been  reconciled.  The  curiously  un- 
even and  apparently  irregular  contraction  of  the  vascular  walls 
which  we  have  called  "beading,"  demands  further  investigation 
and  explanation.  The  fact  that  cleansing  the  mesentery  with 
filter  or  litmus  paper  in  one  instance  causes  no  disturbance  what- 
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soever,  and  that  again  \-iolent  constrictions  may  follow  the  same 
manipulation,  though  suggesting  several  plausible  hypotheses, 
has  not  attained  a  precise  explanation.  Similarly  it  has  often 
been  observed  that  acid  solutions  (alkaline  not  so  frequently) 
had  apparently  no  effect  until  the  mesentery  was  washed  with 
normal  salme,  when  the  constrictions  promptly  appeared.  Here 
again  several  explanations  suggest  themselves,  but  all  these 
problems  await  fm-ther  investigations.  Nevertheless  it  is  be- 
Ueved  that  certain  conclusions  may  safely  be  drawn  from  our 
observations.  They  furnish  a  further  corroboration,  of  what 
may  now  be  accepted  as  a  fact,  that  "there  is,  in  the  words  of 
Bayhss,  a  complete  chemical  reguLation  of  the  cardio-vascular 
system  which  may  act  independently  from  the  central  nervous 
system."  It  has  here  been  shown  also  that  it  is  not  only  the 
blood  circulating  in  the  blood  vessels,  that  takes  part  in  the  regu- 
lation of  their  functions,  but  that  the  chemical  conditions  of  the 
tissues  and  fluids  surrounding  the  blood  vessels  also  exercise  an 
important  influence.  It  appears  furthermore  that  it  is  not  only 
the  products  of  the  internal  secretions  which  are  concerned  in 
this,  but  that  common  acids  and  alkalies ;  the  specific  metabolites 
of  the  tissues  and  cells ;  besides  a  number  of  neutral  salts,  under 
ordinary  circumstances  foreign  to  the  organism,  may  exercise  a 
controlling  influence.  Strong  acids  act  like  alkah  in  compelling 
vessels  to  contract.  It  is  true,  that  such  extreme  chemical 
changes  as  have  here  been  presented  are  ordinarily  not  likely 
to  occur.  Rowntree  (27)  and  his  associates  estimate  the  hydro- 
gen-ion concentration  of  normal  human  blood  plasma  as  vary- 
ing from  pH  =  7.4r-7.6;  of  the  blood  senmi  from  pH  =  7.6-7.8. 
In  clinical  acidosis  pH  =  7.3-7.1  and  in  dogs  just  before  death 
from  experimental  acidosis  pH  =  6.9.  Henderson  (21)  lias 
shown  that  the  blood  is  able  to  dispose  of  considerable  quanti- 
ties of  alkah  or  acid  without  much  change  m  its  reaction.  There 
must  necessarily  however  be  a  limit  to  this,  and  one  may  con- 
clude from  the  observations  here  recorded  that  besides  the  chem- 
ical and  physical  reactions  of  the  blood  itself,  there  are  other 
chemical  and  phj^sical  factors  which,  when  once  a  certain  limit 
has  been  overstepped,  may  lead  to  grave  disturbances  of  circu- 
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lation,  and  one  can  easily  conceive  of  certain  pathological 
processes  such  as  inflammations,  thromboses,  necroses  and  other 
local,  possibly  even  systemic,  affections  originating  in  this  manner. 

I  wish  to  express  my  thanks  to  Dr.  K.  G.  Falk  of  the  Harri- 
man  Research  Laboratories  to  whom  I  am  mdebted  for  valuable 
help  in  the  providing  of  accurate  solutions  and  in  the  determina- 
tion of  hydrogen-ion  concentrations. 
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It  is  recognized  that  progress  in  many  departments  of  science 
is  dependent  in  large  measure,  if  not  entirely,  on  the  development 
of  improved  methods  of  investigation.  In  the  field  of  cancer 
research  it  has  become  increasingly  evident  in  recent  years  that 
new  methods  of  attack  mu.st  be  worked  out  before  further  im- 
portant advances  can  be  expected. 

The  discovery  of  the  factors  concerned  in  the  unlimited  law- 
less growth  of  cells  constitutes,  obviously,  the  main  cancer  prob- 
lem. It  would  appear  therefore  that  the  recently  devised  method 
of  cultivating  tissues  in  vitro  (Harrison,  Burrows)  by  which  we 
are  enabled  to  study  isolated  somatic  cells  under  conditions  which 
allow  the  introduction  of  known  and  measurable  factors  into 
experiments,  should  mark  an  important  advance  in  the  attack 
upon  this  fundamental  question.  Furthermore,  since  it  is  pos- 
sible to  subject  cancer  cells,  thus  isolated,  to  various  chemical 
and  physical  agencies,  it  may  be  suggested  that  we  have  also  in 
the  new  method  a  possible  means  for  solving  another  great  can- 
cer problem,  namely,  the  treatment  of  malignant  growths. 

In  the  study  of  human  tumors,  the  method  will  probably  fill 
a  great  need,  since  it  is  not  possible  to  secure  the  continued  prop- 
agation of  such  tumors  by  transplantation,  by  the  methods 
pursued  in  the  case  of  tumors  of  certain  of  the  lower  animals. 

The  purpose  of  this  paper  is  simply  to  review  briefly  a  few  of 
the  results  which  have  been  obtained  with  tissue  cultures  in 
studies  upon  cancer  and  related  subjects,  and  to  suggest  some 
problems  in  which  it  seems  probable  that  the  method  may  be 
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advantageously  applied.  It  is  possible  that  a  review  of  the  re- 
sults thus  far  obtained  may  prove  disappointing.  But  in  pal- 
liation it  should  be  said  that  the  method  is  young  and  in  many 
respects  still  imperfect;  and  that  much  time  and  energy  have 
been  expended  by  a  number  of  workers  in  the  past  five  years  to- 
ward improving  the  technique  so  as  to  permit  the  cultivation  of  a 
greater  variety  of  tissues  over  longer  periods  of  time. 

Details  of  the  history  of  the  method  of  tissue  cultivation  in 
iniro  and  its  development  will  be  found  in  various  papers  to  which 
references  are  given  at  the  end  of  this  article  (Loeb  (1),  Harrison 
(2,  3),  Burrows  (4,  5).  For  the  convenience  of  those  interested, 
a  brief  review  of  the  technique  of  the  method  is  given  here. 

TECHNIQUE 

The  simplest  and  most  satisfactory-  form  of  culture  consists  of 
a  small  piece  of  tissue  placed  in  a  thin  drop  of  plasma  on  a  cover 
glass  which  is  inverted  and  sealed  over  the  cavity  of  a  hoUow- 
groimd  shde.  To  obtain  the  plasma  in  such  a  way  that  it  will 
remain  unclotted  until  the  tissue  is  added,  several  precautions 
must  be  observed.  The  blood  must  flow  directly  into  the  con- 
tainer (preferably  a  small  test  tube)  without  contamination  with 
tissue  juices,  and  should  be  kept  cold  in  oiled  or  paraffined  tubes 
both  during  and  after  centrifugation. 

Blood  is  obtained  from  human  beings  or  large  laboratoiy  ani- 
mals (dogs,  goats) ,  by  puncturing  a  superficial  vein  wdth  a  needle 
of  large  bore,  previously  boiled  in  albolene  or  olive  oil,  and  al- 
lowing the  blood  to  flow  directly  from  the  needle  into  paraffined 
tubes  set  in  large  centrifuge  cups  which  are  filled  with  cracked 
ice. 

Small  animals  such  as  mice,  rats,  and  frogs  may  be  bled  from 
the  heart  in  the  same  way.  The  writer  has  devised  another 
method  (7),  however,  for  bleeding  small  animals,  which  does  not 
entail  the  sacrifice  of  the  animal  as  does  bleeding  from  the  heart, 
a  distinct  advantage  in  certain  experiments  where  it  is  important 
to  obtain  plasma  from  the  same  animal  more  than  once.  The 
carotid,  jugular,  or  some  other  accessible  vessel  is  exposed  and 
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clamped  lightly  at  two  points  some  distance  apart;  the  vessel 
wall,  after  clean  dissection,  is  caught  by  delicate  forceps  at  a 
point  midway  between  the  clamps  in  such  a  way  that  the  lumen 
is  not  occluded;  the  vessel  is  then  severed  beyond  the  forceps, 
the  proximal  clamp  released  and,  with  the  end  of  the  vessel  held 


Fig.  1.  Method  of  bleeding  small  animals  for  obtaining  plasma.     The  artery 
is  held  away  from  the  tissues  and  the  blood  allowed  to  spurt  into  paraffined  tubes. 


away  from  the  tissues,  the  blood  is  allowed  to  spurt  free  into 
cold  paraffined  tubes  as  before  (fig.  1).  Even  so  small  an  animal 
as  the  mouse  may  be  bled  several  times  in  this  way. 

On  account  of  the  dryness  of  their  tissues  and  the  proximity 
of  the  wing  vessels  to  the  skin,  fowls  and  pigeons  may  be  bled  di- 
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rectly  from  the  wing  vein  by  making  a  clean  incision  through  the 
skin  and  vessel,  and  allowing  the  blood  to  drip  from  the  surface 
into  the  tubes. 

Blood  obtained  l)y  any  of  the  methods  mentioned  is  centri- 
fuged  at  high  speed  for  se\'eral  minutes,  and  the  supernatant 
plasma  is  then  put  aside  in  a  cold  place,  or  packed  in  ice. 

The  length  of  time  that  the  i^lasma  may  be  preserved  unco- 
agulated  varies  greatly  w'ith  different  species.  Fowl  and  pigeon 
plasma  may  be  kept  indefinitely  if  properly  handled.  On  the 
other  hand,  rat  and  guinea-pig  plasma  will  rarely  remain  fluid 
longer  than  two  hours,  often  not  so  long.  Human,  rabbit,  dog, 
and  cat  plasma  may  l)e  kept  for  several  hours  at  least,  and  some- 
times even  for  days. 

The  remainder  of  the  technique  consists  in  placing  small  pieces 
of  tissue,  0.5  to  2.0  mm.  in  diameter,  on  a  cover  glass,  and  adding 
immediately  a  small  drop  of  plasma.  The  cover  glass  is  inverted 
without  delay  over  a  hollow-ground  slide,  sealed  with  vaseline, 
and  incubated  at  body  temperature. 

It  should  be  stated  in  this  connection  that  tissue  cells  show  no 
such  proliferative  capacity  in  cultures  as  do  bacteria.  Further- 
n\ore,  it  has  not  been  possible  as  yet  to  obtain  an  active  growth 
of  any  of  the  highly  differentiated  body  cells,  though  certain 
specialized  elements,  such  as  ganglion  cells,  may  survive  for  a 
time. 

The  cultivation  of  human  tissues  has  offered  special  difficul- 
ties, owing  to  the  fact  that  the  fibrin  in  the  clotted  human  plasma, 
which  forms  the  necessaiy  scaffolding  for  the  outgrowth  of  cells, 
is  regularly  digested  by  the  tissue  fragments,  and  the  cells,  not 
being  able  to  wander  out  into  the  medium,  soon  die.  The 
writer  has  overcome  this  difficulty  by  using  as  a  culture  medium 
a  mixture  of  human  serum  (or  plasma)  and  chick  plasma,  the 
fibrin  of  which  resists  digestion.  (It  was  found  that  chick  plasma 
alone  did  not  form  a  satisfactory  medium.) 

That  the  method  is  in  many  respects  siu'prisingly  sunple 
should  be  emphasized.  It  has  been  fittle  used  in  cancer  labora- 
tories, a  fact  which  is  probably  to  be  attributed  to  supposed  dif- 
ficulties in  technique  (danger  of  contamination,  maintenance  of 
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a  uniform  temperature  during  preparation  of  cultures,  etc.), 
points  wliich  ha\-e  certainty  received  unmerited  emphasis  in 
several  papers  (6).  As  a  matter  of  fact,  practically  no  efTort  at 
all  is  required  to  avoid  bacterial  contamination;  thus,  the  writer 
has  used  tissue  from  the  liver  of  a  human  cadaver  four  hours 
after  death  (metastatic  tumor  nodule  lying  directly  on  the  colon), 
and  observed  not  a  single  colony  of  bacteria  in  a  large  number 
of  preparations.  It  is  possible  to  use  even  such  a  tissue  as  skin, 
where  a  certain  number  of  bacteria  are  known  to  be  present,  if 
partial  steriUzation  with  weak  alcohol  be  first  carried  out.  The 
plasma  itself,  especially  that  of  fowls,  e\-idently  possesses  a  defi- 
nite bactericidal  property,  by  which  a  certain  number  of  organ- 
isms are  taken  care  of.  It  is  not  necessary  to  keep  the  tissues  at 
or  near  body  temperature  while  preparing  the  cultures,  and 
within  certain  limits  the  time  elapsing  between  removal  of  the 
tissue  from  the  li\-ing  body  and  the  preparation  of  the  cultures 
is  not  miportant.  The  tissue  of  the  adult  rat  may  be  used  after 
several  daj^s'  preserv^ation  at  room  temperature  or  in  the  ice- 
box, and  the  writer  has  obtained  successful  growths  of  human 
tissue  kept  for  six  days  in  cold  storage.  Embryonic  tissues  are 
capable  of  longer  preservation — five  to  eighteen  days,  the  length 
of  time  depending  on  the  temperature. 

The  problems  in  which  the  method  of  tissue  culture  has  been 
employed  by  the  writer  may  be  conveniently  discussed  under 
several  headings:  (1)  Comparative  study  of  the  behavior  of  can- 
cer cells  and  normal  cells  growing  in  vitro;  (2)  Cancer  inununity; 
(3)  Stimulation  of  cells  growing  in  cultures. 

COMPARISON    OF   THE    BEHAVIOR   IN   VITRO   OF   NORMAL  CELLS  AND 

CANCER    CELLS 

The  similarity  between  the  growth  in  vitro  of  sarcoma  and 
connective  tissue  on  the  one  hand,  and  between  carcinoma  and 
normal  epithehum  on  the  other,  has  been  emphasized  in  pre\4ous 
papers  (7,  15).  Sarcoma  and  connective  tissue  cells  wander  out 
singly  or  in  chains,  while  epithelial  cells,  normal  or  neoplastic, 
tend  to  spread  out  in  sheets  or  groups. 
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Certain  differences  which  may  not  be  without  importance  have 
been  observed  in  the  behavior  of  normal  and  malignant  tissues. 
In  the  fii'st  place,  a  greater  motility  characterizes  the  cancer 


Fig.  '1.  Mouse  sui'coiiui,  teii-liour  culture,  shuxvinf!,  exteusivc  uutwauilei  ing  of 
cells  which  began  within  two  hours  after  preparation  was  placed  in  incubator. 

cell,  especially  the  sarcoma  cell,  as  compared  with  the  con-espond- 
ing  normal  element;  a  sarcoma  cell  may  often  be  seen  traveUng 
through  the  niedium  at  a  rate  almost  equal  to  that  of  polymor- 
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phonuclear  leukocytes  (figs.  2  and  3).  This  fact,  as  has  been 
pointed  out  before  (22),  probably  throws  light  on  the  mechanism 
of  the  in\'asive  growth  and  spread  of  cancer  in  the  body.  It  is 
not  necessary  to  regard  the  fonnation  of  metastatic  tumor  nod- 
ules as  always  a  result  of  the  passive  transportation  of  cells  from 
a  primary  tumor  b^'  the  blood  or  lymph  stream,  when  the  cells 
may  easily  get  from  place  to  place  by  their  own  powers  of  loco- 
motion. The  writer  has  calculated  that  a  tumor  cell,  if  it  sur- 
vived the  ti'ip,  might  make  its  way  from  the  middle  of  the  breast 
to  the  axilla  in  less  than  four  weeks. 

A  second  important,  and  somewhat  surprising  difference  be- 
tween normal  and  tumor  tissues  hes  in  the  fact  that  the  contin- 
ued propagation  of  certain  normal  cells,  especially  those  of  con- 
necti\e  tissue,  is,  as  a  rule,  much  easier  than  in  the  case  of  tumor 
cells.  Many  carcinomata  and  sarcomata,  especially  those  of 
hmnan  beings,  will  not  grow  even  in  primary  cultures,  while 
others,  rat  and  mouse  tumors,  for  example,  grow  acti\-ely  for  a 
few  daj's  but  tend  to  die  out  even  when  transferred  early  to  fresh 
plasma.  On  the  other  hand,  it  has  been  the  writer's  experience 
that  connective  tissue  becomes  very  much  more  active  in  sub- 
cultures, so  that  after  several  transfers  a  most  active  cell  multi- 
pUcation  is  observed,  dozens  of  mitotic  figures  being  sometimes 
seen  in  a  single  preparation  (fig.  4).  The  explanation  for  this 
difference  in  behavior  is  not  obvious.  It  may  be  suggested 
either  that  some  particular  substance  necessary  for  tumor  growth 
is  not  being  suppUed  in  sufficient  quantity  in  cultures  or,  stated 
in  another  way,  that  the  cancer  cell  is  really,  in  a  sense,  a  highh^ 
differentiated  cell  which  is  pai'ticularly  susceptible  to  changes  in 
food  supply  and  environment.  That  the  cancer  cell  is  a  cell  of 
lowered  vitality  is  suggested  by  the  results  of  some  studies  made 
Ijy  the  writer  on  the  comparative  resistance  of  tumor  cells  and 
normal  cells  to  heat  (8).  When  normal  connective  tissue  ele- 
ments and  cells  from  mouse  or  rat  sarcomata  were  subjected  to 
different  degrees  of  temperature  above  that  of  the  body,  for  vari- 
able periods,  it  was  found  that  the  latter  were  definitelj^  more 
susceptible  to  heat  than  were  normal  actiA'ely  growing  connec- 
ti^-e  tissue  cells.     Similar  experiments  with  hmnan  tissues  have 
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Fig.  3.  Kat   sarcoma,    five-day  culture,   sliuwing  cells  with  numerous   pseu- 
dopods  creeping  along  the  cover  glass. 
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Fig.  4.  Kat  connective  tissue  cells,  twenty-four  daj'S  in  vitro,  showing  very 
active  multiplication  after  third  transfer.  Thirty  mitotic  figures  were  counted 
in  the  preparation.  The  tissue  used  was  a  piece  of  blood-vessel  from  an 
adult  rat. 
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recently  been  attempted,  in  the  course  of  which  the  writer  has 
found  that  human  connective  tissue  •  cells  and  wandering  cells 
are  quite  as  resistant  to  high  temperatures  as  are  tliose  of  the 
rat;  a  satisfactory  comparison  with  human  tumor  tissue  has  not 
been  made,  however,  on  account  of  the  difficulty  experienced  in 
obtaining  sarcoma  suitable  for  cultivation. 

That  the  cancer  cell  is  a  particularly  hardy  cell,  and  that  ma- 
lignancy is  due  in  some  measure  at  least  to  this  property,  is  a 
popular  notion.  This  idea  has,  indeed,  received  some  support 
froni  studies  on  the  resistance  of  certain  rat  and  mouse  tumors  to 
freezing  and  to  toxic  chemical  substances  (9,  10,  11).  It  is  to  be 
noted,  however,  that  these  studies,  with  one  exception,  were 
not  comparati\'e.  The  writer  has  found  that  many  types  of  nor- 
mal tissues  isolated  in  tissue  cultures  are,  like  tumor  cells,  very 
resistant  to  low  temperatures  (12)  and  to  many  chemical  agents. 
Ribbert  (13)  has  called  attention  to  the  tendencj^  of  tumors  to 
necrosis,  maintaining  that  cancer  cells  are  very  susceptible  to 
injuries  of  many  kinds,  and  that  this  state  of  low  vitality  is 
referable  to  their  poor  vacularization. 

While  not  accepting  Ribbert's  explanation,  the  writer  is  in- 
clined, as  the  result  of  his  own  studies,  to  endorse  the  view  that 
the  cancer  cell  is  a  cell  of  relatively  low  resistance  and  that  ma- 
lignancy is  to  be  attributed  entirely  to  the  capacity  of  the  cells 
for  vmlimited  growth. 

CANCER   IMMUNITY 

The  results  of  the  use  of  tissue  cultures  in  the  study  of  cancer 
immunity  have  been  described  fully  in  previous  papers  (14,  15, 
16,  17)  and  need  only  be  suniniarized  here. 

Although  recent  studies  have  shed  new  light  on  the  question, 
the  problem  as  to  the  exact  nature  of  the  resistance  to  trans- 
plantable cancer  is  still  unsettled.  Lambert  and  Hanes  found  that 
rat  sarcoma  cells  will  grow  quite  as  well  in  the  plasma  of  an  im- 
mune rat  (naturally  or  artificially  immune)  as  in  the  plasma  of 
a  normal  rat,  an  observation  which  affoi'ds  fiu-ther  e^•idence  that 
cancer  inmiunity  is  not  to  be  attributed  to  circulating  antibodies 
of  a  cj'totoxic  nature. 
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It  was  shown  further  that  the  plasma  from  an  animal  of  a  for- 
eign species  (guinea-pig  or  rabbit)  may  serve  also  as  a  good 
medium  for  the  cells.  The  fact  that  rat  sarcoma  cells  can  grow 
in  such  an  aUen  plasma  for  at  least  thirty  days  would  appear  to 
invahdate  Ehrhch's  hypothesis  of  athreptic  immunity. 

On  the  other  hand,  it  was  discovered  that  if  the  guinea-pig 
or  rabbit  be  first  immunized  against  rat  tissues  by  suitable  in- 
jections of  rat  blood,  skin,  or  tumor,  the  plasma  of  the  treated 
animal  becomes  no  longer  suitable  for  the  growth  of  rat  cells, 
but  is  on  the  contrary  distinctly  toxic  for  any  rat  tissue.  This 
experiment,  besides  showing  that  antibodies  for  tissue  cells  can 
be  readily  demonstrated  in  tissue  cultures,  proves  also  that  cyto- 
toxins  are  not  specific  for  the  cells  used  for  immunization. 

In  further  efforts  toward  demonstrating  a  cancer  immunity 
reaction  in  vitro  Dr.  Edna  Steinhardt  and  the  writer  attempted 
to  cultivate  rat  sarcoma  cells  in  immune  rat  plasma  in  associa- 
tion with  normal  tissues  from  immune  animals  (spleen,  lymph- 
node,  Uver,  and  leukocyte  emulsion) ,  with  the  idea  that  the  im- 
munity phenomenon  might  be  the  result  of  the  combined  action 
of  immune  serum  and  some  tissue  or  organ.  We  found  that  the 
growth  of  the  tumor  cells  in  vitro  was  not  influenced  by  such  a 
combination  of  factors.  This  negative  result  may  have  been 
due,  however,  to  faulty  technique,  on  account  of  which  the  es- 
sential protecting  cells  may  have  been  injured,  or  present  in  in- 
sufficient number.  In  view  of  the  recent  work  of  Murphy  (18) 
who  attributes  immunity  agamst  cancer  to  the  action  of  certain 
lymphoid  elements,  it  should  be  possible,  by  a  proper  combina- 
tion of  tiunor  cells  and  lymphocytes,  to  obtain  an  immunity  re- 
action in  vitro.  Indeed  it  may  even  be  suggested  that  the  method 
of  tissue  cultures  should  serve  to  settle  some  of  the  questions 
which  have  been  raised  hj  this  new  work. 

STIMULATION   OF   GROWTH    IN   VITRO 

This  discussion  of  the  apphcation  of  tissue  cultures  to  cancer 
problems  would  not  be  complete  without  reference  to  efforts  di- 
rected toward  the  stimulation  of  normal  and  tumor  cells,  when 
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freed  from  body  restraint.  Without  entering  into  a  detailed  dis- 
cussion of  physical  and  mechanical  stimuli,  the  writer  wishes 
again  to  emphasize  the  fact  (19)  that  variations  in  the  depth  of 
the  hanging  drop  and  in  the  density  of  the  fibrin  meshwork 
(which  can  be  altered  by  dilution)  influence  markedly  the  extent 
to  which  actively  motile  cells  wander  outward. 

A  single  recent  observation  on  a  culture  of  human  connective 
tissue  exposed  to  a  temperature  of  45°  for  a  few  minutes  may  be 
of  interest  in  this  connection.  Examination  of  the  specimen 
just  before  exposure  showed  only  two  dividing  cells  in  the  entire 
preparation ;  ten  minutes  after  heating,  however,  at  least  a  dozen 
cells  were  seen  in  early  stages  of  mitotic  division.  It  may  be 
that  this  single  observation  is  without  significance,  but  it  does 
suggest  further  work  on  the  effect  of  sudden  elevation  of  tem- 
perature upon  cell  multiplication. 

The  action  of  various  tissue  extracts  on  growing  cells  has  been 
studied  by  Dr.  Carrel  and  his  co-workers  (20,  21),  and  very 
striking  results  have  been  reported  on  the  effect  of  such  prepa- 
rations, especially  those  of  chicken  sarcoma,  on  embryonic  chick 
tissues.  The  writer  has  not  been  able  to  verify  their  findings 
in  such  of  the  experiments  as  have  been  repeated,  and  is  in- 
clined to  the  opinion  that  the  results  of  these  authors  are  to  be 
explained  in  other  ways.  It  is  certain  that  they  do  not  possess 
any  general  apphcation.  An  extract  of  human  tumor,  recently 
employed  by  the  writer,  appeared  to  inhibit  rather  than  stimu- 
late the  growth  of  normal  human  cells. 

Results  following  the  use  of  certain  chemicals  (Scharlach  R. 
and  Sudan  III)  which  have  been  shown  to  cause  an  abnormal 
proliferation  of  various  tissues  when  injected  into  animals,  have 
been  disappointing.  Cultures  of  chick  embryo,  and  of  rabbit 
skin  and  cornea,  were  treated  with  these  dyes  through  several 
subcultures  with  no  apparent  effect,  although  they  were  apphed 
in  different  ways  and  in  varying  strengths. 

In  spite  qf  these  negative  results,  this  particular  field  seems  to 
offer  great  possibihties.  Since  it  is  known  that  some  sort  of 
stimulus,  or  possibly  the  loss  of  some  restraining  influence  does 
start  cells  within  the  body  on  a  career  of  reckless  multiplication, 
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it  seems  possible  that  patient  work  in  this  direction  upon  cells 
growing  outside  the  organism  may  supply  the  key  to  this  phase 
of  the  cancer  problem. 
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It  has  been  obser\^ed  in  the  course  of  a  considerable  number  of 
cholesterol  determinations  made  by  the  colorhnetric  method  of 
Autenrieth  and  Funk,'  and  the  digitonin  method  of  Windaus^ 
(gravimetric)  that  the  averages  of  values  obtained  were  consider- 
abh'  higher  in  the  coloi-imetric  than  in  the  gravimetric  analyses. 
When  this  fact  became  appreciated,  cheek  determinations  were 
undertaken  on  the  same  specimens  of  blood,  and  it  soon  was 
evident  that  there  was  a  real  source  of  error  in  one  of  the  methods, 
since  there  was  invariably  a  difference  of  as  much  as  10  per  cent 
and  often  more,  the  colorimetric  results  being  higher.  In  a  new 
modification  of  the  colorimetric  determination  recently  published, 
Bloor'  has  claimed  still  higher  results  than  those  obtained  by  the 
Autenrieth-Funk  method,  by  an  average  of  20  per  cent.  Grave 
doubts  were  thus  cast  on  the  reliability  of  the  digitonin  method. 
Since,  however,  this  is  the  only  available  means  of  determining 
separateh'  the  free  and  combined  forms  of  cholesterol  it  seemed 
highly  desirable  to  undertake  a  critical  studj^  of  the  two  proced- 
ures and  to  attempt  to  locate,  and,  if  possible,  to  rectify  the  error. 
To  this  end  it  was  necessary  to  study  both  the  actual  technique 
of  the  determination  and  the  method  of  extraction  of  the  cho- 
lesterol from  the  tissues. 

In  the  literature  there  is  comparatively  little  which  might  throw  any 
light  upon  the  question.     Autenrieth  and  Funk'  quote  one  analysis  in  which 

'  Autenrieth,  W.,  and  Funk,  A.,  Miinch.  med.  Woch.,  1913,  Ix,  1243. 
2  Windaus,  A.,  Z.  physiol.  Chem.,  1910,  Ixv,  110. 
'  Bloor,  W.  R,,  ./.  Biol.  Chem.,  1916,  xxiv,  227. 
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practically  identical  figures  for  total  cholesterol  in  the  blood  were  obtained 
by  their  colorimetric  method  and  by  the  digitonin  method.  For  the  digi- 
tonin  method,  however,  the  blood  was  dried  with  plaster  of  Paris,  and 
after  grinding,  extracted  for  6  days  in  a  Soxhlet  with  ether.  Since  it  is 
improbable  that  ether  ever  brings  about  a  complete  extraction  of  cho- 
lesterol from  dried  blood  (see  below),  it  is  a  little  hard  to  understand  how 
this  could  have  been  so.  Csonka*  gives  an  isolated  instance  where  gravi- 
metric and  colorimetric  determinations  agreed  quite  well,  the  blood  having 
been  first  digested  with  alcoholic  potash  before  extraction.  Weston' 
investigated  the  gravimetric  method  and  obtained  results  which  were 
much  too  high  (by  about  9  per  cent)  when  a  weighed  amount  of  cholesterol 
was  added  to  blood,  and  the  latter  then  extracted  by  the  method  devised 
by  him. 

The  colorimetric  methods,  of  which  there  are  several  modifica- 
tions, are  fairly  simple,  and  if  accurate,  should  be  of  considerable 
value  where  nothing  more  than  a  determination  of  total  cho- 
lesterol is  requii'ed.  It  is  true  that  quantitative  methods  involv- 
ing colorimetry  are  criticized  bj'  many  as  mtroducing  a  consider- 
able degree  of  personal  error.  The  green  color,  however,  which 
is  produced  in  the  Liebermann-Burchard  test  for  cholesterol  is 
a  most  satisfactory  one  to  measure  with  a  colorimeter,  particu- 
larly if  from  1  to  4  mg.  of  cholesterol  are  used.  Even  in  those 
modifications  where  only  0.3  to  0.5  mg.  are  used,  the  color  can 
be  compared  with  a  fair  degree  of  accuracy,  though  not  so  easily 
as  with  the  larger  amounts.  It  thus  seems  desirable  to  carry 
out  the  colorimetric  test  with,  the  entire  extract  of  the  2  or  3  cc. 
of  blood  used,  rather  than  to  dilute  it  to  100  cc.  and  use  a  5  or  10 
cc.  aliquot. 

In  order  to  check  the  personal  error  in  using  a  colorimeter  with 
this  color,  the  followuig  experunent  was  done. 

From  a  stock  solution  of  ^Merck's  cholesterol  in  chloroform, 
containing  0.0030  gm.  in  5  cc,  four  unknown  solutions  wer«  pre- 
pared by  an  associate,  using  varying  quantities  of  the  standard 
plus  enough  pure  chloroform  to  bring  the  volume  up  to  5  cc. 
2  cc.  of  acetic  anhydride  and  0.1  cc.  of  concentrated  sulfuric  acid 
were  then  added  to  each  tube,  and  also  to  a  standard  tube  con- 
taining 2.5  cc.  of  the  stock  solution  and  2.5  cc.  of  chloroform,  and 
thus  0.0015  gm.  of  cholesterol.     After  the  color  had  developed,  a 

*  Csonka,  F.  A.,  /.  Biol.  Chem.,  1916,  xxiv,  431. 

5  Weston,  P.  G.,  J.  Med.  Research,  IdVi-U.  xxix,  457. 
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series  of  ten  readings  was  made  for  each  unknown  solution,  using 
a  Duboscq  colorimeter,  with  the  standard  set  at  10  mm.,  the 
average  taken,  and  calculations  were  made.  The  following  results 
were  obtained: 


Taken. 
gm. 

Cholesterol. 

Found. 
gm. 

0.00060 

0.00056 

0.00180 

0.00178 

0.00240 

0.00241 

0.00108 

0.00086 

The  agreement  in  the  first  three  cases  was  excellent.  The 
fourth  tube,  on  the  other  hand,  shows  a  rather  great  error,  but  it 
may  serve  to  illustrate  a  difficulty  which  is  occasionally,  though 
seldom,  met  with;  namely,  the  development  of  a  green  color  of 
a  markedly  different  shade  from  that  produced  in  most  cases. 
Such  a  variation  appeared  in  the  fourth  tube  of  the  above  experi- 
ment, and  undoubtedh"  accounted  for  the  error.  Why  this  should 
have  occurred  in  a  tube  containing  only  pure  cholesterol  and 
chloroform  is  not  clear — possibly  from  the  presence  of  a  httle 
dirt.  Autem-ieth  and  Funk'  state,  however,  that  it  is  not  infre- 
quent to  have  a  green  color  develop  containing  a  shade  of  yellow 
or  bro^\Ti,  but  that  this  does  not  interfere  with  the  values  obtained 
b}-  the  colorimeter.  That  a  difference  in  the  character  of  the 
color  in  an  unknown  and  in  the  standard  should  cause  an  error 
is  only  natural,  and  this  is  illustrated  above.  Determinations 
made  on  blood  in  this  laboratory  have  only  infrequently  shown 
this  variation  in  color.  It  is  possible  that  when  present,  it  results 
from  the  use,  without  proper  decolorization,  of  a  chloroform  ex- 
tract which  itself  has  a  more  or  less  marked  reddish  or  yellowish 
brown  color.  This  is  practically  always  true  of  the  chloroform 
when  it  first  separates  from  the  alkaline  blood  mixture.  Auten- 
rieth  and  Funk'  say  this  can  be  removed  simply  by  shaking  the 
chloroform  with  dry  sodium  sulfate,  which  dehydrates  and  at 
the  same  time  removes  the  color  from  the  extract.  This  has  not 
been  uniformlj-  successful  in  my  hands.  Csonka''  has  recenth- 
published  a  modification  of  the  method  to  remedy  this  defect 
which  involves  the  use  of  barium  chloride  solution  in  the  diges- 
tion mixture  together  with  a  specially  constructed  digestion  and 
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extraction  flask,  }:>>'  means  of  which  he  has  obtained  good  results. 
A  simple  and  at  the  same  time  a  most  effective  way  to  obtain  a 
perfectl}'  colorless  solution  is  to  unite  the  chloroform  extracts 
and  shake  them  out  once  or  twice  with  distilled  water  in  a  sepa- 
ratory  funnel,  and  then  dehydrate  with  sodium  sulfate.  The 
water  quickly  and  completelj^  removes  all  color  from  the 
chloroform. 

While  the  Autenrieth-Funk  method  has  been  used  throughout 
as  the  simplest  and  most  accurate  of  the  colorunetric  methods,  the 
method  recently  described  by  Bloor^  has  been  run  parallel  with 
it  in  several  analyses.  Bloor's  statement  that  his  method  gives 
considerably  higher  results  than  the  Autenrieth-Funk  method 
has  been  entirely  confirmed,  but  in  the  light  of  what  is  to  follow, 
it  appears  that  to  whatever  cause  this  increase  is  due,  it  is  not 
due  to  cholesterol  itself.  A  possible  cause  for  a  part,  at  least, 
of  the  excess  value  may  be  found  in  the  shght  brownish  color 
invariably  present  in  the  chloroform  solution  of  extracts  pre- 
pared by  Bloor's  method.  The  alcohol-ether  extraction  method 
itself  is  most  excellent,  and  has  been  used  with  good  results  in 
gravimetric  determinations,  as  will  appear  later,  but  when  an 
aliquot  of  this  is  evaporated,  no  matter  how  carefully  one  attempts 
to  avoid  heating  the  residue  after  it  is  dry  (which  Bloor  claims  to 
be  the  cause  of  the  brown  color),  and  even  when  it  is  evaporated 
before  a  fan  at  room  temperature,  there  is  still  a  slight  brown 
tinge  to  the  chloroform  solution  of  the  residue.  This  may  be, 
however,  only  one  factor  which  raises  the  value,  and  other  things 
may  play  even  a  more  imjjortant  part. 

In  order  to  check  the  error  in  the  digitonin  determination,  a 
few  analyses  were  made  on  Merck's  pure  cholesterol.  The  cho- 
lesterol was  dissolved  in  alcohol,  jjrought  to  boiling,  and  a  1  pcv 
cent  solution  of  digitonin  in  90  per  cent  alcohol  added,  using  25 
per  cent  in  excess  of  the  calculated  quantity.  This  proportion  of 
excess  of  the  precipitant  has  been  used  in  all  the  work.  After 
precipitation,  two  procedures  are  available.  In  either  case  several 
hours  are  allowed  for  precipitation  to  become  complete.  In  this 
laboratory  it  has  always  been  placed  in  the  ice  box  over  night. 
Then,  if  one  follows  the  original  method  of  Windaus,-  it  is  filtered 
on  a  Gooch  filter,  washed  with  alcohol  and  ether,  dried  in  the  air 
bath,  and  weighed.     Since  the  compound  is  known  to  be  slightly 
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soluble  in  alcohol,  Fraser  and  Gardner^  have  modified  the  Windaiis 
technique  bj-  washing  with  ether  followed  bj^  boiling  water,  thus 
avoiding  the  use  of  alcohol  in  washing,  and  thej-  use  either  a 
Gooch  filter  or  tared  filter  papers  in  which  the  tared  paper  is 
washed  with  ether  and  water  parallel  with  the  paper  containing 
the  precipitate.  This  latter  method  has  several  advantages  over 
the  Windaus  technique.  In  the  first  place,  once  the  precipitate 
becomes  firmh^  packed  down  on  a  Gooch  filter,  subsequent  filtra- 
tion and  washing  is  very  slow  indeed;  moreover,  by  the  use  of 
filter  papers,  several  determinations  can  be  carried  out  at  the 
same  time.  The  avoidance  of  alcohol  washings  probably  obvi- 
ates a  shght  loss  in  weight,  since  the  precij^itate  is  somewhat  solu- 
ble in  it.  On  the  other  hand,  the  washing  with  boiling  water  is 
probablyamuchmoreeffectivemeans  of  removing  excess  digitonin 
from  the  precipitate.  Digitonin  in  a  1  per  cent  solution  quite 
readily  crystallizes  out,  and  will  not  again  go  into  solution  until 
the  mixture  is  heated  up  to  about  60°.  Therefore,  if  such  a 
crj-stalhzing  out  of  digitonin  should  occur  in  a  determination 
which  was  subsequently  washed  with  cold  alcohol  and  ether,  it 
would  almost  certainly  not  dissolve,  and  the  result  would  of 
course  be  too  high.  The  procedure  of  Fraser  and  Gardner  has, 
therefore,  been  followed  in  all  practical  determinations  made  in 
this  laboratory.  The  weight  of  the  precipitate  is  multiplied  by 
the  calculated  factor  0.2431  to  obtain  the  weight  of  cholesterol 
present  rather  than  the  appro.ximate  factor  0.25  recommended 
bj-  Windaus  to  cover  loss  of  the  compound  in  washing. 
In  four  analvses  the  results  were  as  follows : 


Cholesterol. 

Taken. 

Recovered. 

gm. 

gm. 

0  0200 

0.0204 

Filtered  on  tared  filter  papers  and  washed  with 

0.0200 

0.0205 

ether  and  boiling  water. 

0.0200 

0.0198 

Filtered  on  a  Gooch  filter  and  washed  with  alco- 

0.0200 

0.0201 

hol  and  ether. 

Since,  then,  accurate  results  are  to  be  obtained  by  either  of  the 
two  procedures  as  long  as  pure  cholesterol  is  used  to  begin  with, 


'  Fraser.  M.  T.,  and  Gardner,  J.  A.,  Proc.  Roy.  Soc,  Series  B,  1909,  Ixxxi, 
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what  is  the  explanation  of  the  marked  discrepancy  in  analyses  of 
blood?  The  greatest  possibility  for  error,  of  course,  lies  in  the 
preliminary  extraction  method.  A  complete  extraction  cannot 
be  attained  by  extracting  blood  directly  with  an  immiscible 
solvent,  because  of  the  formation  of  emulsions,  and  also  because 
cholesterol  apparently  forms  some  kind  of  a  ph3'sical  or  loose 
chemical  combination  with  the  proteins,  from  which  it  cannot  be 
removed  by  such  solvents  as  ether  and  chloroform.  If  the  first 
difficulty  is  overcome  by  drying  the  blood  with  anhydrous  sodium 
sulfate  and  grinding,  and  then  extracting  with  ether  in  a  Soxhlet, 
still  the  removal  is  incomplete. 

In  the  Autenrieth-Funk  method  the  completeness  of  the  extrac- 
tion depends  on  the  preliminary  breaking  up  of  the  protein  mole- 
cules themselves  by  digesting  on  a  water  bath  for  2  hours  with 
25  per  cent  potassium  hydroxide  in  the  proportion  of  about  one 
part  of  blood  to  ten  of  alkali.  This  mixture  will  then  give  up  the 
cholesterol  to  either  chloroform  or  ether.  Of  course  in  such  a 
process,  the  esters  of  cholesterol  are  saponified,  so  that  it  would 
be  useless  to  extract  in  this  way  for  the  digitonin  method,  in 
which  the  main  point  is  to  determine  separately  the  free  and 
combined  cholesterol. 

If  blood  is  added  directly  to  alcohol,  and  the  precipitate  thus 
obtained  extracted  with  boiling  alcohol  or  by  ether,  or  if  blood 
is  run  slowly  into  a  mixture  of  three  parts  alcohol  to  one  of  ether, 
using  three  parts  of  blood  to  one  hundred  of  solvent,  and  the 
whole  then  brought  to  a  boil  on  a  water  bath  (Bloor's  method) 
the  extraction  «ill  be  found  to  be  practically  complete,  as  shown 
by  qualitative  tests  of  the  protein  residue  after  filtration. 

The  following  experiments  will  serve  to  illustrate  the  foregoing 
points: 

Two  20  cc.  portions  of  dog  blood  were  dried  with  sodium  sulfate  and 
finely  ground.  These  were  then  extracted  in  a  Soxhlet  apparatus  for  1  and 
5  days  respectively,  and  the  cholesterol  was  determined  in  the  extracts  by 
the  digitonin  method.  Duplicate  portions  of  2.5  cc.  each  were  analyzed 
colorimetrically  by  the  method  of  Autenrieth  and  Funk. 

per  cent 

Colorimetric  values,A 0.289 

B 0.287 

Gravimetric  values,  1  day 0. 125 

5  days 0. 1.50 
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Several  specimens  of  blood  were  analyzed  both  colorimetrically  using 
the  method  of  Autenrieth  and  Funk,  and  in  some  instances  also  that  of 
Bloor,  and  gravimetrically  after  precipitating  the  sample  (10  cc.)  with 
alcohol,  and  extracting  the  precipitate  24  hours  with  boiling  alcohol  in  a 
continuous  extraction  apparatus,  then  concentrating  the  combined  alcohol 
extracts,  diluting  with  water,  and  extracting  with  ether. 

Following  are  a  few  typical  analyses: 


Source. 

Autearieth-Funk. 

Bloor. 

Digitonin. 

Dog     

per  cent 

0.185 
0.231 
0.151 

per  ceyil 

0.267 
0.186 

per  cent 

0.151 

ti 

0.169 

Horse 

0.100 

The  protein  residues,  after  extraction  with  boiling  alcohol,  were  digested 
for  2  hours  with  100  cc.  of  25  per  cent  potassium  hydroxide,  cooled,  and 
extracted  with  50  cc.  of  chloroform,  the  chloroform  concentrated  to  about 
5  cc,  and  to  this  2  cc.  of  acetic  anhj'dride  and  0.1  cc.  of  concentrated  sulfuric 
acid  were  added.  Only  a  very  faint  yellowish  green  color  was  obtained, 
showing  practically  a  complete  extraction.  The  color  obtained  was 
about  equal  to  that  produced  by  about  0.0001  gm.  of  cholesterol  in  the 
same  volume. 

The  above  figures  illustrate  the  lower  results  obtained  by  the 
digitonin  method,  even  when  extraction  was  probably  complete. 
It  ditl  not,  however,  seem  quite  fair  to  make  comparisons  which 
would  leave  room  for  question  on  this  score.  Several  experi- 
ments, of  which  the  following  are  types,  were  carried  out. 

12  cc.  of  sheep  blood  were  digested  for  2  hours  with  100  cc.  of  25  per  cent 
potassium  hydroxide,  and  the  resulting  liquid  was  extracted  once  with 
250  cc.  of  chloroform  and  three  successive  times  with  125  cc,  shaking 
vigorously  for  5  minutes  each  time.  (This  proportion  of  chloroform  to 
solution  and  time  of  shaking  are  recommended  by  Autenrieth  and  Funk.) 
The  combined  extracts  were  shaken  out  with  two  small  portions  of  water 
to  decolorize,  and  then  dried  over  sodium  sulfate.  After  concentrating, 
the  residue  was  transferred  to  a  100  cc.  volumetric  flask,  filled  to  the  mark, 
and  16.7  cc.  (=2  cc  of  blood)  were  removed  for  colorimetric  analysis. 
The  remainder  (=  10  cc.  of  blood)  was  evaporated  to  dryness,  taken  up 
in  alcohol,  and  precipitated  by  digitonin.  A  second  portion  of  blood  was 
analyzed  colorimetricallj'  by  Bloor's  method. 

ptT  cent 

Colorimetric  result 0 .  136 

Gravimetric       "     0.114 

Colorimetric       "     (Bloor) 0.182 
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The  experiment  was  repeated  with  12  gra.  of  sheep  liver,  the  alkaline 
mixture  being  autoclaved  1  hour  at  15  pounds'  pressure,  instead  of  being 
boiled  for  2  hours. 

per  cent 

Colorimetric  result 0.409 

Gravimetric       "     0.374 

Dog  blood  digested  as  in  the  case  of  the  sheep  blood  gave  the  following 
figures : 

per  rent 

Colorimetric  result 0. 182 

Gravimetric       "     0 .  152 

Colorimetric       "      (Bloor) 0.216 

Bloor  states,  in  accounting  for  his  higher  results,  that  probablj- 
a  portion  of  the  cholesterol  is  destroyed  by  the  long  continued 
boihng  with  strong  alkali  in  the  Autenrieth-Funk  method.  This 
is  a  reasonable  assumption,  and,  if  true,  would  equally  well 
explain  the  lower  gravimetric  figures.  In  order  to  bring  about 
extraction  and  saponification  without  the  use  of  such  strong  alkali 
the  following  experiments  were  done: 

Two  samples  of  dog  blood  were  obtained,  and  15  co.  portions  were 
extracted  by  the  method  of  Bloor,  using,  for  each,  500  cc.  of  a  mixture  of 
three  parts  alcohol  and  one  part  ether,  and  adding  the  blood  slowlj'  to  about 
400  cc,  bringing  to  a  boil,  cooling,  and  making  up  to  the  mark  in  a  500 
cc.  volumetric  flask.  The  mixture  was  filtered  by  suction  and  the  pre- 
cipitated protein  sucked  as  dry  as  possible,  but  not  washed.  The  filtrate 
was  made  up  to  500  cc.  A  5  cc.  portion  was  removed  for  colorimetric 
determination.  The  remaining  495  ec.  were  in  each  case  evaporated  down 
to  15  to  20  cc,  taken  up  in  water,  and  thoroughly  extracted  with  four  por- 
tions of  ether.  The  aqueous  residue  after  ether  extraction  was  evaporated 
to  dryness,  25  per  cent  potassium  hydroxide  added,  and  heated  for  a  half 
hour  on  the  water  bath,  then  extracted  with  chloroform.  The  chloroform 
extract  concentrated  to  about  5  cc.  gave  only  a  trace  of  yellowish  color 
with  acetic  anhydride  and  sulfuric  acid;  hence  extraction  was  complete. 
The  ether  extracts  were  united,  concentrated,  and  made  up  to  100  cc 
A  portion  equivalent  to  2  cc.  of  the  blood  was  removed  for  colorimetric 
analysis,  the  remaining  ether  evaporated  off,  and  the  residue  (=  13  cc. 
blood)  saponified  for  2  hours  with  50  cc  0.5  N  alcoholic  potash  under  a 
return  condenser.  The  greater  part  of  the  alcohol  was  then  evaporated 
off,  the  residue  taken  up  in  water,  and  thoroughly  extracted  with  ether. 
The  aqueous  residue  again  showed  no  cholesterol  when  tested  as  described 
above.  The  ether  extracts  were  concentrated,  made  to  100  cc,  a  portion 
equivalent  to  2  cc.  of  blood  was  removed  for  colorimetric  analysis,  a  further 
portion  equivalent  to  1  cc  removed  and  discarded,  the  remaining  ether 
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extract,   equivalent  to  10  cc.  of  blood,  evaporated  to  dryness,   and  the 
residue  taken  up  in  alcohol  and  precipitated  with  digitonin. 

Determinations  were  also  made  on  the  blood  by  the  Autenrieth- 
Funk  method. 

The  results  were  as  follows : 


I. 

11. 

Colorimetric  result  (Bloor's  method,  5  cc.  of  extract). 

"                 "     ether  extract,  unsaponified 

"          "         saponified 

per  cent 
0.228 
0.176 
0.174 
0.159 
0.197 

per  cent 

0.293 
0.233 
0.237 

0.208 

Colorimetric       '*     Autenrieth-Funk  method    . 

0  239 

With  the  exception  of  the  figure  obtained  by  the  Autenrieth- 
Funk  analysis  of  Sample  I,  which  is  apparently  too  high,  the 
figures  compare  verj^  well  with  those  of  the  preceding  experiments. 
The  striking  decrease  in  the  colorimetric  value  produced  only 
by  extracting  the  concentrated  alcohol-ether  solution  with  ether, 
and  thus  eliminating  some  brownish  pigment  which  always  is 
present  in  the  latter,  is  shown  well  in  both  sets  of  analyses,  and 
there  is  apparently  no  further  loss  after  saponification.  All  of 
the  material,  however,  which  contributes  to  the  green  color  is 
evidently  not  cholesterol,  for  it  cannot  be  precipitated  by 
digitonin. 

There  was  still  the  chance  that  the  2  hours'  saponification  with 
alcoholic  potash  so  altered  some  of  the  cholesterol  that,  while  it 
still  gave  the  color  reaction  it  failed  to  precipitate  with  digitonin. 

To  see  if  this  were  the  case,  two  samples  of  10  cc.  each  of  horse  blood 
were  extracted  by  Bloor's  method,  and  to  the  alcohol  used  in  one  case 
0.02  gm.  of  pure  cholesterol  was  added.  These  two  extracts  were  saponified 
and  precipitated  as  above,  the  resulting  amounts  of  cholesterol  obtained 
being  respectively  0.0076  and  0.0274  gm.  There  was  consequently  0.0198 
gm.  of  the  cholesterol  recovered  in  spite  of  the  2  hours'  saponification. 
This  made  it  pretty  certain  that  there  was  little  change  in  the  cholesterol 
by  the  alkali,  for  by  mass  action  more  cholesterol  should  have  been  changed 
in  the  second  case  than  in  the  first,  if  a  change  took  place,  and  a  greater 
loss  would  have  resulted.  But  to  avoid  any  error  on  this  point,  the  effect 
of  saponification  with  0.5  n  alcoholic  potash  was  tried  on  pure  cholesterol. 
Three  portions  of  0.0100  gm.  of  cholesterol  in  10  cc.  of  alcohol  were  pre- 
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pared.  One  portion  was  immediately  precipitated  with  digitonin.  The 
second  was  saponified  for  1  hour,  and  the  third  for  2  hours,  then  extracted 
and  precipitated.  The  amounts  recovered  were  respectively  0.00958, 
0.0094S,  and  0.0094.3  gm.,  so  that  there  was  practically  no  loss  after  2  hours' 
saponification. 

In  a  number  of  determinations  the  ether  washings  from  the 
digitonin-cholesterol  precipitate  were  extracted  once  or  twice  with 
water  to  remove  the  excess  digitonin,  evaporated  to  dryness, 
taken  up  in  5  cc.  of  chloroform  and  acetic  anhydride,  and  sulfuric 
acid  was  added.  After  a  short  time  an  unmistakable  olive  green 
color  always  appeared,  having,  however,  a  brownish  cast.  This 
was  equal  in  intensity  perhaps  to  that  which  would  be  produced 
by  0.002  gm.  of  cholesterol,  and,  since  the  precipitate  of  choles- 
terol in  the  average  experiment  was  usually  about  0.015  gm.,  it 
amounts  to  considerably  more  than  10  per  cent  of  the  total  color 
which  could  have  been  produced  by  the  material  before  precipi- 
tation. The  green  color  produced  by  these  filtrates  faded  out 
rather  more  quickly  than  the  cholesterol  color,  and  left  a  yellowish 
brown  solution.  In  one  case,  where  the  residue  was  treated  with 
glacial  acetic  acid  and  a  few  drops  of  concentrated  sulfuric  acid, 
a  slightly  reddish  color  was  produced  (oxycholesterol  reaction? — 
see  below). 

DISCUSSION. 

It  is  apparent  from  the  foregoing  that  the  values  obtained  by 
the  colorimetric  method  represent  some  additional  substance  or 
substances  beside  cholesterol  itself.  That  substances  closeh'  re- 
lated to  cholesterol  exist  in  the  blood  normally  is  shown  by  the 
work  of  Lifschiitz."  So  called  "oxycholesterol,"  a  substance 
which  may  be  prepared  artificially  from  cholesterol  bj-  oxidation 
with  potassium  permanganate,  ferric  chloride,  or  benzoj^l  peroxide 
in  glacial  acetic  acid  solution,  and  characterized  chemically  by 
the  production  of  a  reddish  violet  color  passing  into  green,  with 
definite  spectrum  Unes  upon  the  addition  of  sulfuric  acid  to  its 
acetic  acid  solution,  has  been  isolated  by  him  from  the  blood, 
and  a  method  worked   out  for   its  quantitative  determination. 

'Lifschutz,  J..  Z.  phi/siol.Chem.,  1906-07,1,437;  1907,  liii,  140;  1908,  Iviii, 
175. 
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There  is  some  question  as  to  the  properties  of  these  oxidation 
products,  of  which  there  are  two  or  three  which  can  be  recognized 
spectroscopically.  Lifschiitz*  states  that  the}'  will  give  the  Lieber- 
mann-Burchard  color  reaction,  and  also  that  thej'  will  precipi- 
tate with  digitonin  from  alcohol  solutions,  while  Schreiber'  denies 
the  latter  point.  Since  much  of  this  oxycholesterol  work  remains 
as  j'et  unconfirmed  it  is  scarcely  desirable  to  speculate  about  the 
exact  part  which  is  played  by  these  derivatives  in  the  results 
obtained  in  "cholesterol"  determinations.  Certain  it  is  that  they, 
or  some  related  substances  present  in  the  blood,  add  to  the  green 
color  of  the  Liebermann-Burchard  test,  but  fail  to  precipitate 
with  digitonin.  It  is  quite  possible  that  there  may  be  a  partial 
precipitation  of  some  of  this  material  by  the  digitonin,  and  that 
the  gravimetric  results  themselves  are  somewhat  in  excess  of  the 
actual  amount  of  true  cholesterol  present.  No  attempt  has  been 
made  to  determine  whether  such  a  condition  exists  or  not.  In 
one  experiment  it  was  shown  that  there  was  no  wide  divergence 
from  the  theoretical  formula  for  the  precipitate  by  boiling  a 
sample  weighing  0.0111  gm.,  which  had  been  obtained  from  dog 
blood,  with  0.5  n  alcohohc  potash  for  2  hours,  which  gradually 
dissociates  the  compound  and  destroys  the  digitonin.  After  a 
thorough  ether  extraction  of  the  residue,  there  could  be  recog- 
nized colorimetrically  0.0026  gm.  of  cholesterol,  while  the  amount 
present  theoretically  was  0.0027  gm.  Of  course  the  presence  of 
any  oxycholesterol-digitonin  compound  is  not  disproved  by  such 
an  experiment,  since  the  formulas  would.be  closely  related,  cho- 
lesterol being  C27H44O  and  oxycholesterol  C27H44O2.  For  the 
present,  however,  it  seems  warranted  to  look  upon  the  digitonin 
determinations  of  cholesterol  in  blood  as  being  very  nearly  correct 
values  when  care  is  taken  to  insure  complete  extraction.  Values 
obtained  by  colorimetric  methods  should  be  considered  as  repre- 
senting cholesterol  plus  some  more  or  less  closely  related  sub- 
stance or  substances,  very  likely  of  the  nature  of  oxidation 
products. 

»  Lifschtitz,  Munch,  med.  Woch.,  1913,  Ix,  1549,  2346. 
»  Schreiber,  E.,  Milnch.  med.  Woch.,  1913,  Ix,  2001. 
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CONCLUSIONS. 

1.  When  applied  to  solutions  of  pure  cholesterol  either  the 
colorimetric  or  the  digitonin  method  of  determination  is  accurate. 

2.  Ether  extraction  of  dried  blood,  even  when  prolonged,  is 
not  complete,  and  recourse  must  be  had  to  hot  alcohol  or  alcohol 
and  ether. 

3.  Colorunetric  analyses  of  blood  give  results  too  high  for  true 
cholesterol,  because  they  include  other  ether-  and  chloroform- 
soluble  substances,  whereas  digitonin  determinations  are  more 
nearly  correct. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Society, 
N.S..  Vol.  XVI.  Nos.  3-4,  March-April,  1916.I 

LDIITATIONS  TO  THE  CULTIVATION  OF  MAM- 
MALIAN TISSUES  IN  VITRO 

R.    A.    LAMBERT,    M.D. 
(Front  the  Pathological  Laboratory  of  the  Presbyterian  Hospital,  A'ew  York) 

A  number  of  enthusiastic  papers  on  the  subject  of  tissue  cul- 
tures, for  some  of  which  the  writer  was  responsible,  have  un- 
doubtedly give  rise  to  erroneous  impressions  as  to  the  possibili- 
ties of  the  method,  especially  regarding  the  variety  of  mammalian 
tissues  which  may  be  cultivated.  It  was,  I  believe,  with  the  idea 
of  correcting  certain  of  these  misconceptions  that  the  President 
of  the  Society  suggested  the  present  report  of  my  experience  with 
the  method. 

I  should  like  first  of  all  to  present  a  classification  of  tissues 
based  on  their  behavior  in  vitro.  Afterwards  the  factors  which 
may  possibly  be  responsible  for  failure  in  the  propagation  of 
certain  of  the  tissues  will  be  briefly  considered. 

Our  experience  has  suggested  that  tissues  may  be  grouped  as 
follows : 

1.  Tissues  showing  no  cell  multiplication  or  migration 
in  cultures.  Microscopic  sections  indicate  that  the  cells 
in  the  tissue  fragments  survive  for  a  time.  Examples 
are :  highly  specialized  cells,  such  as  liver  and  kidney  epi- 
thelium, and  ganglion  cells;  also  those  of  human  malig- 
nant tumors. 

2.  Tissues  showing  no  multiplication  but  active  wan- 
dering. The  cells  die  and  undergo  disintegration  after  a 
few  days'  activity.  Examples  are :  leukocytes,  mono- 
nuclear wandering  cells  of  spleen,  Ij^mph  glands  and  bone 
marrow  and  epithelium  of  skin  and  cornea. 

3.  Tissues  showing  both  active  multiplication  and  mi- 
gration which  cease  after  a  short  time  in  spite  of  eflForts 
directed  toward  continued  propagation.  Examples :  ma- 
lignant tumors  of  rats,  mice,  and  fowl. 

4.  Tissues  showing  active  multiplication  and  migra- 
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tion  with  tendency  to  progressive  increase  of  growth  in 
subcuhures.  Example :  connective  tissue  cells  of  all 
species. 

It  is  clearly  important  to  know  the  normal  behavior  of  various 
tissues  in  culture,  as  otherwise  erroneous  interpretations  of  ex- 
oeriments  are  apt  to  be  made.  Spleen,  for  example,  was  used 
by  Carrel  and  Burrows,^  in  studying  the  influence  of  physical 
changes  in  the  plasma  medium  on  cell  activity.  The  apparent 
stimulating  effect  observed  has  been  referred  to  as  an  "  activation 
of  growth."  Since  the  cells  which  migrate  during  the  first  two 
or  three  days  in  spleen  cultures,  are  leukocytes  and  mononuclear 
wandering  cells  which  show  no  evidence  of  multiplication,  it  is 
obvious  that  there  could  have  been  no  true  stimulation  of  growth. 

Why  certain  tissues  fail  to  grow  and  others  exhibit  only  a 
brief  period  of  growth  in  vitro  is  a  question  not  readily  answered. 

Examining  the  list  of  tissues  given  above  it  is  to  be  noted  first 
that  many  specialized  epithelial  cells  show  only  a  brief  survival. 
This  is  not  surprising  in  view  of  the  recognized  susceptibility  of 
such  cells  in  the  body  to  mechanical  and  toxic  injuries,  or  even  to 
mere  disturbances  in  nutrition.  Indeed  it  is  rather  remarkable 
that  such  sensitive  elements  as  ganglion  cells  should  survive  for 
anv  considerable  period.  Also  the  temporary  activity  of  leuko- 
cytes and  related  cells  of  the  spleen,  lymph  glands  and  bone  mar- 
row, is  not  to  be  wondered  at,  since  the  life  of  these  cells  in  the 
bodv  is  probablv  verv  short,  and  they  do  not  reproduce  themselves 
even  in  vivo. 

On  the  other  hand,  it  is  surprising  that  the  cells  of  malignant 
tumors  of  rats  and  mice  should  show  onlv  a  brief  period  of 
activity  in  contrast  to  the  prolonged,  apparently  unlimited,  growth 
of  connective  tissue  cells  of  those  species ;  also  that  the  cells  of 
human  malignant  tumors  cannot  be  cultivated  by  methods  which 
allow  the  growth  of  normal  cells  and  benign  tumor  cells. ^ 

In  seeking  the  explanation  for  these  differences  in  the  be- 
havior of  tissues  in  vitro  several  factors  may  be  considered:  me- 
chanical iniury.  accumulation  of  toxic  metabolic  products,  pres- 
ence of  inhibiting  antibodies,  and  nutritional  disturbances. 

Mechanical  injury.     This    factor   is   certainly   important   in 
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determining  success  in  the  cultivation  of  any  tissue,  as  small  ex- 
perience with  the  metliod  will  show.  But  much  evidence  could  be 
submitted,  especially  regarding  the  rat  and  mouse  tumors,  to  prove 
that  tumor  cells  are  not  particularly  susceptible  to  traumatic  in- 
jur}'. Besides,  such  injuries  would  explain  only  the  failure  of  the 
cells  to  grow  in  primary  cultures  and  would  not  account  for  the 
early  cessation  of  growth  observed. 

Accwuiilatioii  of  metabolic  products.  In  tissue  cultures,  put 
up  according  to  the  method  in  common  use,  there  is  no  mechanism 
for  the  removal  of  waste  products,  or  for  the  continuous  supply 
of  fresh  nutritive  medium.  It  is  conceivable,  therefore,  that  the 
accumulation  of  the  products  of  metabolism  may  exert  an  inhibit- 
ing action  on  the  growth  of  very  active  cells.  In  order  to  elimi- 
nate this  factor  as  far  as  possible,  early  transfers  have  been  made 
and  the  tissue  fragments  have  been  washed  for  varying  periods 
in  salt  solution  or  hypotonic  Ringer's  solution  as  recommended 
by  CarreP  and  his  co-workers  who  attributed  their  success  in  the 
prolonged  cultivation  of  emljryonic  connective  tissue  largely  to 
this  procedure.  We  did  not  find  that  this  treatment  changed  our 
results.  It  may  be  stated  in  this  connection  also,  that,  in  the  culti- 
vation of  adult  connective  tissue,  an  increasingly  active  growth 
was  observed  when  the  tissue  fragments  were  transferred  to  fresh 
medium  without  washing. 

It  has  been  concluded,  therefore,  that  the  factor  of  inhibition 
by  metabolic  products  does  not  serve  to  explain  the  failure  of 
certain  tissues  to  grow,  or  the  limited  growth  of  others. 

Presence  of  inhibiting  antibodies.  While  it  has  been  estab- 
lished by  various  methods  that  antibodies  for  tumor  cells  do  not 
exist  in  the  circulating  blood  of  rats  and  mice,  it  has  been  more 
difficult  to  settle  this  question  for  human  tumors.  Freund  and 
Kaminer''  have  reported  the  discovery  in  human  blood  serum  of 
two  substances  affecting  tumor  growth ;  one  in  the  blood  of  pati- 
ents suffering  from  cancer  which  exerts  a  protective  influence  on 
the  cancer  cells ;  the  other  in  non-cancerous  individuals  which  is 
lytic  for  cancer  cells  as  demonstrated  by  test-tube  experiments. 
AMiile  the  experiments  of  these  authors  have  not  received  con- 
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firmatioii  by  competent  im-estigators,  their  wnrk  cannnt  be  en- 
tirely disregarded. 

In  earlier  experiments  we  used,  as  a  matter  of  convenience, 
blood  plasma  from  several  normal  individuals  as  a  culture  medium 
for  human  tumors.  The  negative  results  obtained  and  the  work 
of  Freund  and  Kaminer  noted  above,  suggested  that  the  plasma 
from  the  tumor-bearing  indi\'idual  might  prove  a  better  medium. 
It  also  occurred  to  the  writer  to  see  whether  the  presence  of  iso- 
antibodies,  agglutinins  and  hemolysins,  influenced  the  growth  in 
vitro  of  either  tumor  or  normal  tissue.  This  study  has  shown  first 
Miat  human  carcinoma  and  sarcoma  cells  are  not  readily  cultivated 
m  vitro  even  in  plasma  taken  from  the  individual  carrying"  the 
tumor,  while  normal  human  connective  tissue  cells  and  benign 
tumor  cells  (mixed  tumor  of  parotid)  grow  as  well  in  homol- 
ogous as  in  autogenous  plasma.  Furthermore  the  presence  of  iso- 
antibodies  is  without  demonstrable  effect. 

Nutritional  disturbances.  Before  discussing  this  factor  it  may 
be  well  to  consider  the  question  advanced  recently  by  Burrows  as 
to  whether  cells  growing  in  vitro  can  metabolize  the  food  stuffs 
in  the  plasma  medium.  Bun'ows  has  expressed  the  view  that  the 
cells  do  not  get  nutriment  from  the  medium  at  all.  He  assumes 
that  they  live  on  food  carried  over  in  the  cell  cytoplasm,  a  condi- 
tion analogous  to  that  seen  in  many  developing  ova. 

In  mj'  opinion,  a  number  of  observations  make  this  view  un- 
tenable. In  the  first  place,  it  is  obviously  impossible  that  a  suffi- 
cient cjuantity  of  nutriment  could  be  present  in  the  cell  cytoplasm 
to  maintain  active  multiplication  and  wandering  for  any  consider- 
able period,  whereas  we  know  that  active  life  in  vitro,  in  the  case 
of  connective  tissue  cells  at  least,  can  be  maintained  for  weeks, 
months  or  possibly  years  (Carrel).  In  the  second  place,  if  the 
cells  did  not  take  up  nutriment  from  the  medium  succeeding  gen- 
erations should  show  a  progressive  diminution  in  size ;  but  careful 
observation  proves  that  this  is  not  the  case.  Thirdly,  the  growth 
of  cells  in  salt  solution  or  greatly  diluted  plasma,  where  the  food 
supply  is  markedly  reduced,  is  of  short  duration  and  the  cells  of 
the  second  and  third  generation  do  become  smaller.  They  show 
also  verv  little  fat  accumulation  as  the  result  of  the  reduction  in 
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the  quantity  of  this  food  stuff  in  the  medium. °  It  therefore  must 
be  admitted,  I  think,  that  cells  do  tai<e  up  nourishment  from  tlie 
plasma  in  which  they  are  growing. 

If  the  failure  of  certain  cells  to  grow  is  to  be  attributed  to  the 
food  supply,  the  trouble  must  lie  either  in  an  inadequate  supply 
or  in  the  absence  of  certain  specific  food  stuffs.  That  the  quantity 
of  nutriment  is  adequate  is  indicated  by  dilution  experiments  with 
those  tissues  which  can  be  cultivated.  Practically  all  such  tissues 
will  grow  in  plasma  diluted  with  equal  parts,  or  more,  of  salt 
solution  without  any  effect  on  the  rate  or  duration  of  growth. 

Regarding  the  second  possibility,  namely,  the  absence  of 
special  food  stuffs,  it  may  be  suggested  that  connective  tissue  cells 
can  be  cultivated  for  long  periods  in  plasma  of  foreign  species.'' 
This  result  is  opposed  to  the  idea  of  strict  food  specificit)-.  How- 
ever, in  the  hope  of  supplying  some  such  necessary  hypothetical 
substances,  extracts  from  various  organs  including  liver,  spleen, 
thyroid,  testis,  malignant  tumors,  and  adrenal,  have  been  added 
to  the  culture  medium.  No  eft'ect  from  such  additions  was 
observed. 

COXCLUSIOXS 

Connective  tissue  is  the  only  mammalian  tissue  which  can  be 
cultivated  in  vitro  for  any  considerable  period. 

The  transplantable  tumors  of  lower  "animals  show  very  active 
growth  for  a  short  time  only.  The  previous  reports  of  prolonged 
cultivation  of  such  tissues  were  probably  due  to  confusion  be- 
tween tumor  cells  and  connective  tissue  cells  in  the  culture 
preparations. 

Human  malignant  tumors  have  not  been  cultivated  success- 
fully by  us,  although  human  connective  tissue  cells  and  wandering 
cells  show  marked  activity  in  cultures. 

The  limited  growth  of  animal  tumor  cells  and  the  negative 
results  with  human  malignant  tumors  may  be  referable  to  several 
factors,  mechanical  injury,  accumulation  of  metabolic  products, 
presence  of  inhibiting  antibodies,  and  nutritional  disturbances; 
but  my  experience  leads  me  to  believe  that  no  one  of  these  factors 
is  alone  responsible. 
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THE    CYTOLOGY    OF    THE    EXUDATE    IN    THE    EARLY 
.      STAGES     OF     EXPERIMENTAL     PNEUMONIA 

PLATES    15    AND    16 

Frank    A.     Evans 

From  the  Pathological  Laboratory  of  the  Presbyterian  Hospital^  New  York  City 

On  examination  of  sections  from  the  consolidated  lungs  of  pneumo- 
nia patients  dying  in  the  first  few  days  of  the  disease  it  is  readily 
appreciated  that  the  cellular  characteristics  of  the  exudate  in  the  early 
stages  are  not  the  same  as  in  the  almost  exclusively  polymorphonuclear 
exudate  of  the  later  stages.  The  early  exudate  is  predominantly  mono 
nuclear  in  character,  and  is  to  be  differentiated  from  that  of  the  very 
late  stages  when  again  mononuclear  cells  are  frequently  numerous.  In 
the  later  stages  the  mononuclear  cells  present  are  plasma  cells  and 
desquamated  alveolar  epithelial  cells.  The  mononuclears  seen  in  the 
early  exudate  are  not,  however,  so  readily  classified.  Several  distinct 
types  must  be  recognized  (Fig.  1),  and  each  type  is  constant  in  its 
occurrence.  It  has  been  our  aim  to  identify  some  of  these  cells  in  the 
pneumonic  processes  experimentally  induced  in  rabbits,  and  in  the 
processes  early  in  3  cases  of  human  pneumonia. 

The  pneumonic  process  was  induced  in  each  rabbit  by  intrabronchial  injection 
of  8  c.c.  of  an  18-hour  neutral-broth  culture  of  the  organism  after  the  method 
of  Meltzer  and  Lamar.'  The  organisms -injected  were  strains  from  Pneumo- 
coccus  Group  I  and  Group  IV,  an  attenuated  strain  of  pneumococcus  of  unde- 
termined group,  a  hemolj'tic  streptococcus,  and  a  streptococcus  isolated  from 
the  mouth  of  a  normal  individual.  The  exudate  in  reaction  to  intrabronchial 
injection  of  52%  egg  yolk  in  neutral  broih  was  also  studied. 

The  lesions  were  examined  at  periods  varying  from  8  to  36  hours. 
In  some  cases  the  gross  distribution  of  the  process  was  fairly  regular, 
embracing  an  entire  lobe  or  all  the  lobes  of  one  side,  tho  it  was  never 
entirely  homogeneous  as  in  human  lobar  pneumonia ;  in  other  cases  the 
distribution  was  patchy.  The  even  distribution  was  commonly  encoun- 
tered after  pneumococcus  injection,  and  the  patchy  after  the  injection 
of  a  streptococcus,  but  this  was  not  constant.  In  a  number  of  the 
rabbits  the  alveolar  walls  were  infiltrated,  the  infiltrating  cells  being  of 
the  same  character  as  those  in  the  exudate   (Fig.  1).     The  cytology 

■  Jour.   Exper.   Med.,    1912,   13,  p.    133. 
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of  the  early  exudates  in  the  three  human  cases  of  pneumococcal  pneu- 
monia, coming  to  autopsy  on  the  3rd,  4th,  and  5th  days  respectively, 
was  the  same  as  that  of  the  experimental  pneumonia  in  rabbits  (Fig.  4). 
Except  for  slight  variations  in  the  relative  proportions  in  which  the 
cells  were  present,  depending  to  some  extent  on  the  organisms,  but 
more  particularly  on  the  age  of  the  exudate,  the  cytology  was  the  same 
in  all  the  preparations.  Typical  small  lymphocytes  of  the  blood  were 
always  present  in  small  numbers  and  were  easily  identified.  Even  in  the 
very  early  exudate  some  polymorphonuclears  were  constantly  seen,  per- 
haps only  one  to  an  alveolus  in  some  places,  but  to  the  exclusion  of  all 
other  types  in  other  alveoli  in  the  same  section.  A  few  very  large  mono- 
nuclear cells  also  were  frequently  encountered  which,  by  reason  of  their 
morphology  and  staining  properties,  could  be  definitely  classified  as 
epithelial  cells  in  various  stages  of  degeneration.  In  addition  to  these 
there  were  other  mononuclears  which  were  the  predominating  mono- 
nuclear cells,  and  except  in  those  alveoli  where  the  polymorphonuclears 
outnumbered  them,  they  were  the  predominating  cells  of  the  exudate. 
These  cells,  always  much  larger  than  the  polymorphonuclears,  yet 
smaller  than  the  epithelial  cells,  fell  into  2  groups,  depending  on 
whether  or  not  they  contained  an  oxydase  ferment  as  demonstrated 
by  the  indophenolblue  reaction-  (Fig.  2).  Other  differential  criteria 
were  indefinite  except  that  those  containing  an  oxydase  ferment  com- 
monly had  a  slightly  or  markedly  indented  nucleus  with  only  a  fair 
amount  of  chromatin  and  abundant  homogeneous  protoplasm  that 
occasionally  showed  faintly  a  fine  granulation,  whereas  those  cells  that 
did  not  contain  an  oxydase  ferment  had,  as  a  rule,  a  round  or  oval 
nucleus  often  showing  one  or  two  flat  surfaces  and  sometimes  staining 
deeply,  and  abundant  homogeneous  protoplasm  that  never  showed 
evidence  of  granulation.  In  form  the  typical  cells  of  the  first  group 
strongly  suggested  the  so-called  transitional  cells  of  the  blood  and 
were  so  considered  by  Pratt^  in  1900.  Their  content  of  oxydase  fer- 
ment makes  this  seem  likely  if  myelocytes  are  not  considered.  Both 
myelocytes  and  so-called  transitional  cells  give  the  oxydase  reaction, 
and  as  Naegeli  has  pointed  out*  the  differentiation  between  them  in 
tissue  sections  is  sometimes  difficult.  Certainly  a  few  cells  resembling 
myelocytes  were  to  be  seen.  Myelocytes  probably  were  present  in 
small  numbers,  but,  altho  they  must  be  considered,  the  morphology  of 
most  of  the  cells  under  discussion  was  not  that  of  myelocytes  and  it 

=  Evans:  Proc.  New  York  Path.   Soc,   1915,  15,  p.  J43. 

'  Johns  Hopkins  Hosp.  Rep.,  1900,  9,  p.  265. 

•  Bhitkrankheiten    und    Blutdiagnostii     1912,   p.    193. 
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seems  quite  certain  that  they  belonged  to  the  so-called  transitional-cell 
group.  The  other  cells,  those  that  did  not  give  the  oxydase  reaction, 
were  probably  lymphoid  in  origin,  and  many  of  them  resembled  very 
much  the  pictures  of  polyblasts  appearing  in  Maximow's  articles.'' 
They  were  not  reticulo-endothelial  cells,  for  tho  such  cells,  vitally  stain- 
ing by  carmin,  are  occasionally  seen  normally  in  the  alveolar  walls, 
in  pneumonia  in  rabbits  heavily  stained  by  carmin  these  carmin  cells 
were  not  seen  taking  part  in  the  formation  of  the  exudate.  That  they 
are  closely  related  to  the  blood  elements  is  further  bonie  out  by  the 
fact  that  in  pneumonia  induced  in  rabbits  poisoned  by  benzol,^  whereby 
the  leukocytes  and  leukopoietic  tissue  were  destroyed,  cells  were  seen 
in  the  exudate  (Fig.  3).  No  plasma  cells  were  seen  in  any  of  these 
preparations. 

CONCLUSION 

In  the  early  exudate  of  pneumonia,  altho  many  polymorphonuclears 
may  be  present,  in  many  alveoli  the  cytology  of  the  exudate  is  predomi- 
nantly mononuclear  in  character.  The  mononuclear  cells  may  be  classi- 
fied as  follows:  (1)  a  few  typical  small  lymphocytes,  (2)  a  few  des- 
quamated alveolar- wall  epithelial  cells,  (3)  relatively  many  oxydase- 
containing  large  mononuclears  of  the  blood,  belonging  to  the  so-called 
transitional-cell  group  of  Naegeli,  and  (4)  almost  as  many  non- 
xydase-containing  large  mononuclears  of  the  blood  or  closely  related 
forms. 
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EXPLANATION     OF     PLATES 

A  =  small  lymphocytes. 

B  =  polymorphonuclears. 

C  ^  desquamated  epithelial  cells. 

D  =  oxydase-containing  large  mononuclears. 

E  =  non-oxydase-containing  large  mononuclears. 

Fig.  1.  Section  of  consolidated  rabbit  lung  in  which  pneumonia  has  been 
induced  by  intrabronchial  injection  of  Streptococcus  hemolyticus.  Animal  killed 
14  hours  after  inoculation.  The  cells  infiltrating  the  alveolar  walls 'are  essentially 
the  same  as  those  in  the  alveolus. 

Fig.  2.  The  indophenolblue  reaction  on  a  section  of  consolidated  rabbit 
lung  after  pneumococcus  injection.  The  nuclei  are  counterstained  by  5% 
aqueous  pyronin. 

Fig.  3.  Section  of  consolidated  rabbit  lung  in  which  pneumococcal  pneu- 
monia has  been  induced  after  destruction  of  the  leukopoietic  tissue  by  admin- 
istration of  benzol. 

Fig.  4.  Section  of  consolidated  human  lung  from  a  pneumococcal  pneumonia, 
patient  dying  on  the  third  day  of  the  disease.  This  also  represents  accurately 
the  condition  in  induced  pneumococcal  pneumonia  in  rabbits. 

'  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  1903,  34,  p.  153;  1904,  35,  p.  93;  1905,  38,  p.  301. 
«  Selling:  Ibid.,  1911,  51,  p.  575. 
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SOME  NEW  SPECIES  OF  PARASITIC 
TREMATODES  OF  MARINE  FISHES 

Hv  G.  A.  MacCallum,  M.  D. 

Department  of  Pathology,  Columbia  University,  Neiv  York. 

Pathologist  to  the  Neiv  York  Aquarium. 

Introduction 

In  presenting  the  following  papers,  it  is  desired  to  say  that  the 
forms  from  marine  biological  life  which  are  herein  described  were 
studied  in  material  from  the  New  York  Aquarium  and  the  United 
States  Fish  Commission  Laboratory  at  W'ood's  Hole.  However  im- 
perfect the  descriptions  may  be,  the  plates  that  are  used  are  from 
sketches  made  by  the  author  from  life  and  from  mounted  specimens 
in  our  collections,  and  we  believe  them  to  be  as  true  to  nature  as  it  is 
possible  to  make  them.  Other  than  the  outlines  of  the  form  of  the 
worm,  the  studies  are  of  the  reproductive  organs,  inasmuch  as  there  is 
little  else  to  show  in  the  bodies  of  these  hermaphroditic  creatures, 
whose  whole  object  in  life  seems  to  be  the  reproduction  of  their  kind. 

From  the  material  above  described,  the  able  artist,  Mr.  Feinberg, 
has  shown  in  a  very  realistic  way  all  that  is  necessary  to  give  the  reader 
a  good  idea  of  the  anatomy  of  the  specimen.  We  desire  to  say  also 
that,  with  the  exception  of  possibly  two,  all  of  the  worms  as  far  as  we 
know  are  new  to  science. 

It  may  perhaps  be  interesting  to  some  to  describe  briefly  the  proc- 
ess of  preparing  these  specimens  for  study.  The  following  technique 
is  generally  followed :  The  worms  are  first  washed  in  sea  water,  as 
fresh  water  is  rapidly  absorbed  by  the  body,  which  becomes  swollen 
and  stift.  After  the  washing  they  are  put  under  slight  pressure  and 
killed  in  a  hot  solution  of  bichloride  of  mercury,  then  washed  again, 
after  which  they  are  stained  with  acid  carmine,  and  next  passed 
through  several  alcohols,  and  cleared  in  cedar  oil  or  creosote  and  xylol, 
and  mounted  in  balsam.  This  process  for  trematodes  is  one  of  the 
most  satisfactory  plans  to  bring  into  view  the  various  anatomical 
structures,  and  difterentiate  them  so  that  they  may  be  seen  easily. 

It  must  be  borne  in  mind  that  all  these  forms  are  parasitic,  and 
many  of  them  seriously  endanger  the  welfare  of  their  host,  hence  in 
many  cases  it  would  be  of  economic  value  to  study  their  habits  of  life 
and  life  history.  This,  however,  has  generally  proved  almost  impossible, 
and  only  in  a  few  cases  has  it  been  satisfactorily  done,  and  these  have 
had  to  serve  for  the  numerous  cases  by  analogy  for  those  in  which  the 
life  history  has  had  to  be  guessed  at.  We  know  that  they  are  produced 
from  the  tgg\  but  how,  in  the  open  sea,  these  microscopical  eggs  find 
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their  way  into  the  unusual  habitats  of  the  host,  is  largely  speculative. 
It  is  known,  of  course,  that  the  egg  under  favorable  circumstances  may 
develop  into  a  free  swimming  miracidium  or  ciliated  larva  which  by 
chance  may  meet  with  a  fish  or  other  host,  when  a  lodgement  may  be 
made,  and  when  it  may  by  developed,  for  it  cannot  by  developed  in  any 
host.  The  chances  are  millions  against  such  a  thing  occurring,  so  that 
nature  provides  such  creatures  with  myriads  of  eggs  on  the  chance 
that  a  few  at  least  will  find  a  favorable  host.  Of  course  all  this  does 
not  apply  to  those  parasites  whose  eggs  are  laid  and  fastened  directly 
on  the  tissues  of  the  host,  where  they  are  hatched. 

As  is  so  well  known,  bacteria  and  bacilli  are  the  principal  para- 
sites in  the  human  diseases  which  have  of  late  years  received  much 
attention  from  scientists  with  such  good  results.  These  same  micro- 
scopic parasites  attack  fish  in  various  ways,  and  in  the  future  will 
probably  receive  the  attention  they  deserve. 

I  wish  here  to  thank  Dr.  Townsend,  Director  of  the  Aquarium 
of  New  York,  for  his  unselfish  kindness  in  forwarding  our  work  in 
every  way.  Also  the  same  is  due  the  officials  of  the  Fish  Commission 
at  Wood's  Hole  for  their  unremitting  kindness  in  furnishing  material. 


Dasybatus  pastinacus  (Walbaum,  1793). 
Sting  Ray  or  Stingaree. 

It  is  highly  probable  that  this  fish  is  infested  with  more  parasites 
than  any  other  known  fish.  Twenty-seven  difl:"erent  forms,  not  includ- 
ing copepods,  are  already  credited  to  it  and  almost  any  examination 
of  new  material  develops  some  new  worm. 

At  Wood's  Hole  of  late  seasons,  several  specimens  have  been 
taken  of  large  size  from  ten  to  twelve  feet  in  length,  including  the  tail, 
which  is  nearly  twice  the  length  of  the  body.  These  were  generally 
brought  to  the  Laboratory  of  the  United  States  Fish  Commission  and 
examined  for  parasites,  etc.  During  the  last  two  or  three  sea- 
sons ectoparasites  or  e.xternal  parasites  have  occupied  our  attention 
chiefly  and  it  is  proposed  in  the  following  paper  to  describe  a  few 
of  the  hitherto  undescribed  forms  which  have  been  met  with  in  ex- 
amining the  sting  ray. 

Synbothrimn  lintoni.  nov.  sp. 
(Figs.  I  and  lA) 

There  does  not  seem  to  have  been  much  written  upon  this  cestode, 
and  very  few  species  described. 

Diesing  seems  to  have  iieen  the  first  in  1850  to  record  a  worm 
which  he  found  in  a  Brazilian  fish  t.  h.  Pristis  perottctii  which  he 
called  Syndesmobothriiim  in  1854  but  which  he  afterwards  renamed 
Synbothrium  fragile  as  the  type  1850a.     There  have  been  a  few  au- 
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FIG.  I.     SYNBOTHRIUM  LINTONI.         FIC.  1-A.     RIPE  PROGLOTTIS,  S.  UNTONI. 
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FIG.  2.     MONOCOTYLE  DyiSYB^TIS.         HKj.  2-A.     MDIE\IE\V  OF  M.   D.-tSYB.-inS. 
FIG.  2-B.     EGG  OF  .W.  D.-ISyB^TIS. 
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thors  since,  as  Burm.  Goldb.  Lint.  Rail,  Scudder,  Zsch.,  etc.,  who  have 
described  its  occurrence  in  a  few  species  of  fish,  but  it  does  not  appear 
to  be  a  very  common  parasite,  consequently  there  have  been  very  few 
species  of  it  named ;  in  fact,  S.  fragile,  Diessing  1850  and  S.  filicolle 
Lint.  1889  seem  to  be  the  only  ones. 

Linton  appears  to  have  found  S.  filicolle  in  a  number  of  fishes, 
but  S.  fragile  in  only  one  instance  in  1901.  In  1905,  however,  he  came 
across  Synbothria  sp.  in  four  different  species  of  fish,  and  these  he  did 
not  name. 

These  worms  have,  I  believe,  almost  always  been  found  in  a  larval 
state,  encysted  in  the  viscera  or  peritoneum  of  the  host,  so  that  one 
cannot  always  be  certain  of  the  species.  All  of  the  Synbothrium  worms 
which  I  have  found  thus  far,  except  5".  lintoni,  have  been  encysted  in 
the  abdomen  of  the  following  fishes:  Epincpheltis  mono,  Oxyurus 
chrysurus,  and  Pogonias  croinis,  and  were  of  two  species,  one  S.  fili- 
colle and  the  other  not  as  yet  named.  In  these  cases  they  were  en- 
closed in  an  outer  cyst  which  was  colored  blackish,  and  within  this  the 
true  white  blastocyst  in  which  the  young  worm  may  be  seen  coiled,  so 
transparent  indeed  that  the  hooks  might  be  seen.  These  cysts  are 
never  plentiful  as  far  as  my  experience  goes,  at  least  I  have  never 
found  more  than  three  or  four  in  the  same  host,  and  often  only  one. 

Hovs'ever,  on  August  i,  1914,  while  working  at  the  United  States 
Fish  Commission  Laboratory  at  Wood's  Hole  a  large  sting  ray  Dasy- 
batus  pastinacus  fell  to  my  share,  and,  while  examining  the  contents 
of  the  spiral  valve,  I  found  among  the  denizens  of  that  interesting 
structure,  four  cestodes  which  were  unknown  to  me.  They  proved 
to  be  adult,  and  clung  to  the  mucous  membrane  with  their  proboscidae. 
They  were  with  little  difficulty  freed  from  their  attachment,  and  proved 
to  be  Synbothria  of  a  new  species.  They  were  quite  large,  varying  in 
length  from  25  mm.  to  65  mm.  and  2  mm.  in  width,  and  some  showed 
ripe  proglottides  containing  eggs.  They  also  showed  that  other  seg- 
ments had  been  thrown  off,  so  that  really  one  could  not  say  what  the 
original  length  of  the  worm  may  have  been.  The  head  as  a  whole  is 
quite  different  in  shape  from  any  other  Synbothrium  I  have  seen,  being 
in  the  gross  much  the  shape  of  the  head  of  a  Scotch  thistle  in  bloom, 
set  upon  a  narrow  neck,  which  is  followed  by  a  strobila  of  gradually 
maturing  proglottides. 

The  bothria  are  much  of  the  same  form  as  those  of  other  mem- 
bers of  the  genus.  The  four  bothria  occupying  the  four  separate 
angles  and  from  each  of  which  forming  a  pedicel  as  it  were  a  proboscis 
protrudes  form  the  e.xtreine  point.  The  bothrium  in  each  case  lies 
beside  the  opening  of  the  proboscis  sheath.  These  prominent  portions 
of  the  head  are  exceedingly  mobile,  being  capable  apparently  of  moving 
in  any  direction.  The  proboscides  are  long  and  strong,  being  covered 
with  booklets  which  are  arranged  more  or  less  diagonally  around  the 
base  or   core  in   several   rows,   probably   ten   or  twelve.     The   hooks 
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appear  to  be  of  different  shapes  and  character — each  variety  is  placed 
in  a  row  by  itself  which  holds  throughout  the  length  of  the  proboscis. 
One  row  situated  along  the  inner  or  concave  surface  of  the  proboscis 
is  composed  of  short  strong  and  much, curved  hooks  and  attached  to 
a  smooth  surface,  while  the  other  rows  are  composed  of  long  slender 
slightly  bent  hooks,  with  the  points  all  directed  backwards  towards  the 
head  and  fixed  on  a  surface  which  is  thickly  covered  with  small  hook- 
lets  or  bristles,  which  give  the  impression  that  some  of  them  are  young 
or  undeveloped  hooks.  Under  a  higher  lens  power,  one  can  count  five 
rows  of  the  larger  hooks  to  the  field,  so  that  there  are  about  ten  or 
twelve  rows  around  the  core ;  they  are  all  composed  of  semitransparent 
chitinous  material.  The  bothria  and  indeed  the  whole  anterior  end 
of  the  worm  under  the  cuticle  is  seen  to  be  composed  of  numerous 
delicate  muscular  fibres  interlacing  in  all  directions  transversely, 
obliquely  and  longitudinally,  thus  giving  the  head  its  power  of  motility. 
The  tubular  proboscis  sheaths  or  canals  terminate  posteriorly  in  four 
contractile  muscular  bulbs  which  control  the  protrusion  or  withdrawal 
of  the  proboscidae.  The  striations  in  the  strobila  do  not  appear  at 
once  in  the  neck,  but  they  show  indistinctly  to  very  near  the  head. 
The  water  vascular  system  is  very  evident  in  the  form  of  a  canal 
along  each  side  of  the  worm  throughout  its  length. 

The  ripe  proglottides  are  about  2  mm.  long  and  1.50  mm.  wide, 
and  the  cloaca,  a  deep  notch  with  prominent  lips,  appears  on  the  edge 
of  each  segment  at  the  junction  of  the  posterior  third  with  the  anterior 
two-thirds.  The  cirrus  is  often  seen  protuding  outside  of  the  anterior 
edge  of  the  cloaca  and  it  is  there  so  large  and  bulbous  that  it  seems 
to  block  up  the  outlet  of  the  uterus.  The  cloaca  may  appear  on  the 
same  side  of  the  worm  for  three  or  four  segments  in  succession.  They 
are  not  regularly  placed.  The  eggs  are  yellow,  oval  or  rounded,  not 
very  numerous,  and  those  measured  were  .040  mm.  long  by  .020  mm. 
wide. 

The  segments  are  largely  filled  with  testes  which  appear  as  more 
or  less  straight  tubes,  extending  nearly  from  one  end  to  the  other,  and 
parallel  to  one  another.  The  vas  deferens  arises  from  these  and  ter- 
minates in  the  cirrus.  The  vitellarium  cannot  be  made  out  in  the  mate- 
rial at  hand. 

Measurements  of  Syiibotliriinn  lintoni.  nov.  sp. 

Length  65.00  mm. 

Width    2.00  mm. 

Head — length    3.40  mm. 

Head — width    1.80  mm. 

Neck  or  first  segment .60  mm. 

Proglottid — length 2.00  mm. 

Proglottid — width   1.50  mm. 

Eggs — length    04  mm. 

Eggs — width     02  mm. 
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Monocotylc  das\batis.  nov.  sp. 

(Figs.  2  and  2 A  and  B) 

Order   Trematoda   (Rud.). 
Sub-order  Hcterocotylca    (Mont.). 
Family  Monocotylidae  (Tasch.). 

On  July  1/,  1915,  five  of  the  above  worms  were  found  in  the  gills 
of  a  large  female  sting  ray  which  measured  seven  feet  nine  inches 
in  length  by  three  feet  three  inches  in  width.  The  worms  measured 
seven  to  eight  mm.  in  length  by  1.80  mm.  in  width  and  were  found  in 
the  profuse  thick  nuicus  which  makes  an  examination  of  the  gills  of 
this  fish  ditticult.  It  is  true  that  the  worm  found  in  the  gills  of 
Myliobatis  aqulla  Dumeril,  one  of  the  eagle  rays  in  European  waters 
and  named  by  Taschenberg  Monocotylc  myliobatis  in  1878,  is  some- 
what like  the  form  found  in  the  gills  of  Dasybatus  pastinacus,  common 
sting  ray,  for  which  I  propose  the  name  Monocotylc  dasybatis,  yet 
as  far  as  can  be  made  out  by  the  description  and  the  rather  imperfect 
portrayal  of  the  anatomy  there  are  fundamental  differences  which 
make  it  necessary  to  claim  for  Monocotylc  dasybatis  the  right  to  be 
called  a  new  species.  This  latter  is  nearly  twice  as  large  and  the 
mouth,  sucker  disc  and  cirrus  are  different.  Monocotylc  ijimac  is 
also  different  since  it  has  three  testes  and  a  very  different  cirrus. 
The  head  of  M.  dasybatis  is  i  mm.  in  diameter  and  is  composed  of 
one  large  terminal  sucker,  trumpet  shaped  and  facing  ventrally.  Near 
where  it  terminates  in  the  pharynx  there  are  three  lobulated  portions, 
one  on  each  side,  larger  than  the  median  one ;  however,  they  all  con- 
centrate in  the  pharynx  and  the  whole  structure  is  smooth  and 
unarmed  except  that  along  the  external  margin  is  a  narrow  row  or 
rim  of  muscular  cells  and  minute  tubes  which  may  assist  in  the 
power  of  suction  or  in  maintaining  its  position  when  fuctionating. 
The  whole  head  is  cordate  in  shape  with  the  extreme  anterior  end 
cut  more  otiless  square.  The  whole  structure  shows  many  muscular 
fibres  runnmg  through  its  walls  in  many  directions  and  these  no 
doubt  control  the  functions  and  movements  of  this  ample  mouth. 

The  pharynx  is  large  and  receives  directly  the  small  end  of  the 
bell-shaped  anterior  sucker.  It  is  oval  in  shape  with  a  median  ridge 
or  line  running  longitudinally  from  before  backward  and  on  each 
side  are  eight  or  nine  transverse  ridges,  giving  it  the  appearance  of 
muscular  strength.  The  postpharyngeal  oesophagus  is  short  and  di- 
vides as  usual  into  two  ceca  which  pass  along  the  sides  of  the  worm 
posteriorly  as  far  almost  as  the  anterior  margin  of  the  sucker  disc. 

The  genital  pore  is  placed  near  the  division  of  the  ceca  in  the 
angle  formed  thereby.  It  is  large  and  oval  and  has  a  patch  of  spicules 
on  its  anterior  and  posterior  edge. 

The  testis  is  large,  roughly  triangular  and  somewhat  lobulated 
with  its  base  directed  anteriorly  from  near  the  centre  of  which  the 
vas  deferens  arises  and  proceeds  in  a  winding  course  toward  the  gen- 
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ital  pore  where  it  terminates  in  an  armed  cirrus  which  overhangs  the 
genital  pore.  At  about  two-thirds  of  the  length  of  the  vas  from  its 
origin  it  widens  into  a  large  vesicula  seminalis.  It  then  narrows  again 
until  near  the  genital  pore  where  it  passes  into  and  through  an  oblong 
bulbus  ejaculatorius  terminating  in  an  armed  penis,  which  organ  is 
comparatively  large  and  thick.  It  is  curved  and  has  a  cluster  of 
spicules  at  its  tip. 

The  ovary  is  a  more  or  less  horseshoe-shaped  tubular  structure 
with  the  concavity  directed  forwards  and  is  placed  immediately  in 
front  of  or  anterior  to  the  testis.  In  the  concavity  formed  by  the 
curvature  there  is  situated  the  genital  junction  which  is  about  at  the 
middle  of  the  worm.  The  opening  of  the  vagina  is  seen  about  oppo- 
site the  genital  pore  in  the  left  vitellarium.  and  the  vagina  itself  plain- 
ly showing  its  circular  muscular  fibres,  runs  in  a  crooked  course  to 
terminate  in  the  base  of  the  seminal  reservoir  which  is  a  large  muscu- 
lar sac.  Its  tube  joins  the  oviduct  prior  to  the  junction  of  the  vitel- 
line duct.  The  shell  gland  is  distinct  and  consists  of  a  number  of 
somewhat  large  masses  connected  with  tubes  of  varying  length  to 
the  ootype.  The  portion  of  the  uterus  following  the  ootype  is  wide 
and  its  walls  are  composed  of  long  muscular  cells  giving  through  its 
outer  coat  a  spiny  appearance. 

The  uterus  is  not  long  but  is  relatively  wide  and  terminates  near 
the  genital  pore  in  a  vase-shaped  structure,  and  the  mouth  is  armed 
with  spicules. 

The  worm  as  a  whole  is  elongated  and  appears  to  be  of  a  very 
delicate  structure  and  even  when  alive  is  more  or  less  transparent, 
so  much  so  that  the  principal  organs  may  be  seen  and  traced  pretty 
plainly.     Fig.  2a  gives  a  lateral  view  of  the  body  form. 

The  sucker  disc  is  a  saucer-shaped  structure,  concavity  ventral. 
It  is  1.80  mm.  in  diameter  and  is  attached  to  the  body  on  its  dorsal 
surface  at  about  its  center  with  little  or  no  pedicle.  It  has  two  fairly 
large  hooks  on  its  anterior  surface,  one  on  each  side  which  extend  out 
to  and  a  little  beyond  its  margin  almost  transversely.  There  are  eight 
rough  ridges  and  eight  loculi  shown  on  its  dorsal  surface,  two  of  the 
latter  are  much  larger  than  the  others,  the  ridges  being  chitinous  and 
irregularly  striated  transversely.  The  two  hooks  are  each  laid  in  close 
connection  with  one  of  these  ridges  so  as  to  give  them  firmness  of 
attachment.  The  dorsal  surface  of  the  disc  betweeen  the  ridges  is 
thickly  covered  with  small  irregularly-shaped  plaques,  somewhat  like 
squamous  epithelium.  The  disc  as  a  whole  has  a  definite  margin,  but 
extending  beyond  this  is  a  delicate  narrow  rim  of  mucous  membrane, 
and  in  or  on  this  membrane  are  delicate,  cone-shaped  bodies  or  tubes 
which  are  placed  regularly  side  by  side  around  the  whole  structure, 
but  not  extending  qiiite  to  the  extreme  outer  margin.  These  cone- 
shaped  portions  are  crossed  by  numerous  delicate  transverse  mark- 
ings or  striae.     Again  immediately  within  the  bases  of  these  cones  is 
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another  rim  of  what  appears  to  be  a  narrow  band  of  muscular  tissue 
about  half  the  width  of  the  band  of  cones  and  the  fibres  of  which  are 
directed  regularly  in  parallel  lines  toward  the  bases  of  the  cones,  and 
they  doubtless  control  the  movement  of  the  cones  as  a  whole  or  in 
part.  Other  than  the  transverse  ridges  on  their  surface  the  cones 
appear  to  contain  a  fine  granular  matter.  A  somewhat  similar  struc- 
ture surrounds  the  mouth  or  anterior  trumpet-shaped  end,  although 
the  divisions  are  not  so  pointed,  and  they  rather  give  the  impression 
that  they  function  as  sensory  areas,  although  each  is  composed  of 
three  or  four  deeply  stained  cells  which  have  fine  ducts  or  lines  run- 
ning towards  the  centre  of  the  structure  or  throat,  possibly  for  the 
secretion  of  mucus. 

The  vitellarium  is  profuse  and  very  beautifully  arranged  in  gold- 
en colored  masses.  A  bluntly  triangular,  shrunken,  yellow  egg  is  seen, 
and  in  connection  with  one  angle  a  chitinous  filament  attached  to  it  does 
not  seem  long.     The  tgg  is  situated  at  the  genital  opening. 

For  the  purposes  of  classification  it  may  be  said  to  be  elongate, 
head  cordate  in  shape  with  a  large  trumpet-shaped  unarmed  mouth, 
with  narrow  margin  or  rim  of  cells,  no  large  sensory  areas,  sucker 
disc  with  eight  ridges,  two  large  hooks,  eight  loculi,  and  ornamented 
with  a  rim  or  margin  of  muscular  tubules.  Found  on  the  gills  of 
Dasybatus  pastinacus. 

IMeasurements  of  Monocotyle  dasybatis. 

Length 7  to  8.00  mm. 

Width    1.70  mm. 

Width  of  head   i  to  1.20  mm. 

Diameter  of  sucker  disc  .........   1.65  to  1.80  mm. 

Length  of  testis 80  mm. 

Width  of  testis   20  mm. 

Egg  length   06  mm. 

Egg  width    05  mm. 


Monocotyle  dasybatis  minimus,  nov.  sp. 
(Fig.  3) 

Order  Trematoda  (Rud.). 
Sub-order //^/(?roco/y/^a  (Mont.). 
Family  Monocotylidae  (Tasch.). 

On  July  17th,  1915,  there  were  found  twenty  or  twenty-five  speci- 
mens of  a  small  worm  on  the  gills  of  a  large  sting  ray  which  it  is 
thought  has  not  hitherto  been  described.  It  measures  1.60  mm.  in 
length  by  0.37  mm.  in  width  and  in  situ  is  invisible  to  the  naked  eye. 
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It  is  elongated  tind  somewhat  triangidar  in  shape,  being  much  wider 
posteriorly  than  at  the  mouth.  It  is  very  convex  dorsally  and  corre- 
spondingly concave  ventrally.  although  in  life  quite  capable  of  exten- 
sion so  that  the  above  mentioned  shape,  does  not  hold  except  in  quie- 
tude. It  is  provided  posteriorly  with  a  relatively  large  sucker  disc  which 
is  circular  and  quite  as  wide  in  diameter  as  the  widest  part  of  the  body. 
The  disc  is  divided  into  eight  irregularly  rounded  loculi  by  eight  rough 
ridges.  The  posterior  end  of  the  body  of  the  worm  is  implanted  on 
the  dorsal  surface  of  the  disc  at  its  middle  without  any  pedicle.  There 
are  two  fairly  large  much  curved  hooks  on  the  anterior  or  ventral 
surface  of  the  disc.  It  is  also  supplied  with  a  number  of  minute 
hooks,  eight  on  its  margin,  which  appears  to  be  reinforced  by  a  nar- 
row muscular  rim  to  which  the  small  hooks  are  attached.  The  whole 
skeletal  part  of  the  disc  appears  to  be  rough  and  of  a  chitinous  char- 
acter. The  two  larger  hooks  are  attached  each  to  one  of  the  strong 
rough  ridges  which  gives  greater  power  of  support.  The  whole  disc 
is  connected  to  the  body  of  the  worm  by  rather  long  muscular  bands 
through  which  it  is  completely  under  control,  holding  the  body  firmly 
in  place  during  the  performance  of  its  life  functions.  Its  dorsal  sur- 
face is  quite  ornamental. 

The  mouth  is  subterminal,  circular  and  surrounded  by  thickened 
lips,  one  portion  too  appears  to  be  more  protrusible  than  the  rest.  It 
is  very  like  that  in  a  distom  and  no  doubt  acts  as  a  sticker  when  re- 
quired to  do  so.  The  prepharyngeal  oesophagus  is  short  and  muscu- 
lar, terminating  in  a  relatively  large  and  muscular  pharynx  which  is 
distinctly  marked  by  transverse  ridges  on  each  side  of  its  surface.  The 
postpharyngeal  oesophagus  is  also  short  and,  as  usual,  divides  into 
two  ceca  which  run  backwards  along  the  sides  almost  to  the  sucker 
disc.  Anteriorly  in  the  angle  formed  by  the  division  is  the  genital 
pore  which  is  generally  overhung  by  the  male  genital  apparatus,  the 
ejaculatory  duct,  cirrus,  etc.  Nearby  is  generally  seen  a  collapsed 
egg  which  then  appears  to  be  triangular  (Fig.  3),  and  is  provided 
with  a  filament  attached  to  the  posterior  pole.  It  is  yellow  and  chiti- 
nous and  always  single. 

The  single  testis  is  situated  just  ])ehind  the  ovary  in  the  centre 
of  the  body — a  relatively  large  vas  deferens  runs  in  an  irregular  course 
anteriorly,  winding  around  the  bulbus  ejaculatorius,  finally  entering 
the  posterior  end  of  that  organ  and  passing  through  it,  terminates  in 
a  long  curved  chitinous  cirrus  which  expands  into  a  trumpet-shaped 
point  at  its  end.  The  ovary  is  a  tubular  shaped  organ  placed  far  back 
across  the  body  and  just  in  front  of  the  testis.  Its  concavity  looks  for- 
ward or  anteriorly  and  in  the  space  one  of  the  most  conspicuous  organs 
is  seen,  a  large  seminal  reservoir,  very  muscular,  and  supplied  from  a 
vagina  whose  inlet  is  situated  on  a  small  papilla  on  the  right  side 
nearly  opposite  the  mouth  of  the  uterus  and  terminates  in  the  seminal 
reservoir  with  which  it  is  connected  at  its  base.     The  vitellaria  are  very 
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plentiful  and  extend  to  the  extreme  end  of  the  bod}'  on  both  sides 
from  opposite  the  pharynx  anteriorly. 

The  genital  junction  is  situated  at  al)out  the  middle  of  the  worm 
and  is  quite  distinct;  the  vitelline  ducts  arising  at  about  the  junction 
of  the  anterior  third  with  the  posterior  two-thirds  of  the  body  pro- 
ceed backward  and  internally  until  they  meet  the  oviduct  directly  in 
front  of  the  seminal  reservoir  which  sends  its  tube  to  the  oviduct  at 
this  point  and  almost  directly  after  this  the  ootype  appears  surrounded 
by  the  shell  gland.  The  uterus  is  rather  short  and  terminates  in  the 
genital  pore  on  its  right  side  when  the  worm  is  viewed  dorsally. 

Measurements  of  Monocotyle  dasybatis  ininiiiius. 

Length    t  .60  mm. 

\\  idth    40  mm. 

Diameter  of  disc 40  mm. 

Egg   0.06  mm.   -|-  0.05 

For  classification  it  may  be  said  to  be  elongate,  wide  at  the  base  or 
disc  and  narrow  at  the  apex  or  mouth.  Mouth  surrounded  by  a  thick 
roll  or  lip,  one  side  of  which  is  prolonged  to  a  point.  Disc  composed 
of  eight  loculi  and  eight  ridges — two  large  and  eight  small  hooks,  and 
the  whole  dorsal  surface  of  disc  ornamented  with  roughened  striae 
of  chitin. 


Mcrizocotylc  das\batis.  nov.  sp. 

(Figs.  4  and  4A) 

Order  Trematoda   (Rud.). 
Sub-order  Hctcrocotylea  (Mont.). 
Family  Monocotylidae  (Tasch.). 
Genus  Merizocotyle   (Cerf.). 

On  August  I,  1914,  while  examining  a  very  large  sting  ray  Dasy- 
batis pastinacus,  at  the  United  States  Fish  Commission's  Laboratory 
at  Wood's  Hole,  Mass.,  I  found  in  the  nasal  mucus  glands  a  number 
of  odd  forms.  They  were  embedded  in  the  profuse  thick  mucus  which 
is  always  present  in  or  near  these  glands.  JMany  were  found  deep  in 
between  the  laminae  of  the  gland  and  in  some  cases  were  rather  dif- 
ficult to  detach. 

It  has  been  customary  for  former  writers  to  state  that  these  trem- 
atodes  as  well  as  many  of  the  acanthocotylidae  have  their  habitat  on 
the  skin  and  gills  of  their  hosts,  but  I  am  sure  from  the  numbers  of 
them  that  I  have  seen  in  the  nasal  glands  of  rays,  skates,  etc.,  that 
their  natural  and  permanent  habitat  is  there  and  that  the  other  loca- 
tions are  merelv  accidental. 
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This  form  has  been  placed  in  the  family  Monocotylidae,  Tasch., 
and  the  genus  Merisocotyle  (Cerf.).  Of  the  few  who  have  observed 
this  worm  Cerfontaine  has  written  the  best  description  which  is  avail- 
able to  me.  His  description  of  M.  dlaphanum  and  M.  minus  seems 
quite  complete  and  enables  me  to  know  that  the  species  herein  de- 
scribed is  not  either  of  these,  as  will  be  seen  from  the  following  de- 
scription : 

The  worm  for  which  I  propose  the  name  .1/.  dasybatis  is  2.40 
mm.  in  length  by  .60  mm.  in  width.  It  possesses  a  large  almost  circular 
cancavo  convex  sucker  disc  as  wide  or  nearly  as  wide  as  any  part 
of  the  body.  The  body  is  elongated,  concave  from  end  to  end  and 
from  side  to  side  ventrally  and  convex  dorsally,  and  is  somewhat  con- 
stricted anterior  to  the  sucker  and  at  the  neck.  The  head  is  triangu- 
lar in  shape  and  divided  by  a  deep  notch  which  extends  posteriorly 
from  the  tip  nearly  to  the  pharynx.  On  each  side  of  the  notch  on  the 
ventral  surface  are  three  quite  large  tactile  areas  or  papillae  and  run- 
ning backwards  from  each  of  these  is  seen  a  wide  duct  disappearing 
under  the  vitellaria. 

The  mouth  is  a  peculiar  protrusible  tube  at  the  anterior  opening 
of  the  pharynx  and  forming  when  quiescent  merely  a  thickened  rim 
of  circular  folds.  It  conveys  the  impression  of  being  capable  of  con- 
siderable extension  and  of  suctorial  power.  The  pharynx  is  goblet- 
shaped  and  large ;  it  is  surrounded  by  a  large  number  of  unicellular 
glands  in  masses  distributed  posteriorly  almost  as  far  as  the  genital 
pore.     On  the  dorsal  surface  over  the  pharynx  are  four  ocular  spots. 

The  intestines  seem  wide  and  are  given  off  behind  the  pharynx 
without  any  great  prolongation  of  oesophagus  and  at  their  bifurcation 
the  genital  opening  appears  surmounted  by  the  chitinous  cirrus. 

The  male  genital  apparatus. — ^The  testis  is  single,  pear-shaped 
and  large,  but  not  so  disproportionately  large  as  in  M.  diaphamts  and 
minus.  It  is  situated  at  the  junction  of  the  posterior  third  with  the 
anterior  two-thirds  of  the  body  encroaching  upon  each  division.  The 
vas  deferens  passes  anteriorly  along  the  left  side  until  nearly  opposite 
the  middle  of  the  short  uterus  and  then  expands  into  a  large  vesicula 
seminalis ;  from  this  it  passes  forward  to  the  base  of  and  through  the 
bulbus  ejaculatorius  a  round  muscular  organ  at  the  base  of  the  cirrus 
which  surrounds  the  vas  deferens  in  this  portion  of  its  course. 

The  cirrus  is  a  curved  hollow  chitinous  tube  slightly  turned  up 
at  the  tip.  In  the  bulbus  ejaculatorius  beside  the  vas  deferens  passing 
through  it  may  be  seen  at  its  base  and  on  each  side  a  small  gland  which 
sends  a  tube  forward  toward  the  base  of  the  penis. 

The  female  genitalia  consists  of  a  twisted  horn  or  flask-shaped 
organ  (the  ovary)  with  a  long  neck,  which,  after  coiling  upon  itself 
once,  proceeds  forward  to  the  genital  junction  about  the  middle  of 
the  worm,  after  which  the  oviduct  widens  into  a  wide  ootype,  and 
this  in  turn  merges  into  the  uterus. 
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The  ootype  is  an  unusually  wide,  thick  portion  of  the  genital  canal 
and  is  lined  with  a  layer  of  large,  elongated,  deeply-staining  cells.  In 
this  instance  it  contains  an  almost  completely  developed  egg  which 
seems  relatively  large ;  it  is  yellow,  oval  and  with  a  moderately  long 
filament  at  each  pole. 

The  uterus  is  short  and  muscular  and  terminates  in  a  thick-lipped 
flaring  mouth  at  the  edge  of  the  genital  opening,  situated  centrally 
near  the  cirrus  and  bulbus  ejaculatorius. 

There  are  two  vaginae  opening  ventrally,  one  on  each  side  near 
the  margin  of  the  body.  They  join  in  the  middle  of  the  body  in  the 
form  of  a  hammock,  the  central  portion  being  the  seminal  reservoir. 
Towards  the  outlet  of  each  vagina  its  walls  contain  circular  muscular 
fibres  which  act  as  a  constrictor.  This  whole  structure  is  slung  across 
the  body  at  the  posterior  end  of  the  ootype  and  very  near  the  genital 
junction. 

The  shell  glands  are  large  and  with  long  necks,  but  not  excessively 
numerous. 

The  vitellaria  are  plentiful  and  extend  from  the  base  of  the  pha- 
rynx almost  to  the  disc  posteriorly.  It  covers  the  intestinal  ceca  from 
view  until  near  the  disc. 

The  disc,  or  sucker,  is  large  and  powerful  and  is  composed  of 
several  suckers  and  hooks. 

It  is  nearly  circular  and  concavo  convex  structure,  the  ventral 
surface  presenting  five  central  loculi,  one  small  deep  one  in  the  centre 
and  four  larger  ones  surrounding  it.  On  the  margin  there  are  twelve 
suckers  beside  the  large  triangular  space  at  the  extreme  posterior, 
formed  by  the  divergence  of  the  very  large  pair  of  hooks  situated  here. 
This  space  appears  to  have  four  small  suckers  near  its  margin,  and 
there  are  also  here  four  small  hooks,  one  for  each  sucker.  There  are 
two  long  straight  spicules  here  w^hich  run  to  the  two  middle  small 
hooks.  Each  sucker  around  the  rest  of  the  margin  of  the  disc  is  sup- 
plied with  a  small  hook. 

Measurements  of  Merizocotyle  dasybatis. 

Length 2.40  mm. 

Width    60  mm. 

Disc,  diameter 30  mm. 

Hooks  on  disc,  length 17  mm. 

Testis II   X  .08  mm. 

Ovary  to  beginning  of  genital  connection       .35  mm. 

Egg     04  X  .03  mm. 

Cirrus,  length 05  mm. 

Pharynx     07  x  .05  mm. 


16  Zoopathologica:  N.  Y.  Zoological  Societv  [I;  1 

Trionchiis  dasybatis,  nov.  gen.  et  nov.  sp. 

(Fig-  5) 
Order   Trematoda   (Rud.). 
Suh-ovdarHctcrocotylca  (Mont.)- 
Genera  Monocotyle   (Tasch.). 

This  worm  was  found  on  the  gills  of  a  very  large  sting  ray  Das\- 
batus  pastiiiacus.  on  August  i,  1914,  at  Wood's  Hole,  Mass.,  and  was 
studied  at  the  Laboratory  of  the  United  States  Fish  Commission  there. 

Only  two  specimens  were  found,  as  the  gills  were  very  large  and 
thickly  covered  with  mucus,  so  that  the  worms  on  account  of  their 
small  size  (i  mm.  x  .60  mm.)  were  easily  overlooked.  Besides, 
their  attachment  is  exceedingly  firm,  so  that  few  were  brushed  off. 
When  first  seen  they  were  very  active,  alternately  shutting  up  their 
discs  toward  their  heads  and  again  relaxing  them.  When  closed  they 
reminded  one  of  a  trilobite.  The  body  is  plump,  verv  concave  in  all 
directions  ventrally  and  very  convex  dorsally. 

For  the  purpose  of  classification  the  following  characters  mav  he 
given :  The  mouth  large  and  subterminal,  much  like  an  ordinary  suck- 
er;  genital  pore  central:  cirrus  chitinous ;  single  testicle  posterior  to 
ovary ;  a  relatively  large  sucker  disc  with  one  large  loculus  in  the  cen- 
tre and  three  small  marginal  ones.  There  are  also  on  the  disc  three 
hooks,  one  large  one  terminating  in  two  points  and  also  two  smaller 
ones. 

The  mouth  is  large  and  circular  occupying  almost  the  whole  width 
of  the  anterior  end.  The  lips  are  thick  and  could  act  in  the  capacity 
of  a  sucker  when  necessary. 

The  pharynx  is  very  near  the  mouth,  a  muscular  barrel-shaped 
structure  divided  into  two  halves  on  the  surface  by  a  central  antero 
posterior  line  or  groove,  and  each  half  shows  transverse  lines  which 
apparently  divide  it  into  seven  bands  of  muscular  tissue. 

The  vitellaria  reach  on  each  side  to  about  the  middle  of  the 
pharynx  and  extends  posteriorly  along  each  side  of  the  disc  for  a 
short  distance. 

Immediately  posterior  to  the  pharynx  and  surrounding  to  a 
great  extent  the  short  post  pharyngeal  oesophagus  and  its  bifurca- 
tion into  the  intestinal  ceca.  is  a  mass  of  unicellular  glands  which 
supplv  these  structures  with  mucus.  The  intestinal  ceca  extend  to 
near  the  junction  of  the  middle  with  the  posterior  third  of  the  body. 

The  male  genitalia  are  c|uite  distinct.  The  testis  is  situated 
in  the  posterior  portion  of  the  body  just  behind  the  ovary;  it  is 
fairly  large  and  somewhat  pyriform  in  shape  and  from  the  small 
anterior  end  there  arises  the  vas  deferens;  this  empties  into  the 
flask-shaped  vesicula  seminalis.  The  vas  deferens  continues  as  a 
narrow  tube  for  some  distance,  when  it  widens  again  into  a  fus-- 
form  enlargement  the  ductus  ejaculatorius  and  from  the  anterior 
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end  of  this  it  extends  to  the  base  of  and  through  the  bulbus  ejacula- 
torius  to  terminate  in  the  cirrus.  The  bulbus  ejaculatorius  is  a 
more  or  less  round  muscular  ball  or  sac,  the  name  of  which  indicates 
its  function. 

The  cirrus  is  a  slightly  curved,  relatively  long,  yellow  chitinous 
tube,  the  base  of  which  is  applied  to  the  bulbus  ejaculatorius  by 
means  of  three  spreading  arms  or  branches  of  chitinous  material 
covered  in  with  muscular  tissue,  etc.  The  tip  end  terminates  in  two 
or  three  spiny  processes. 

The  ovary  is  large  and  somewhat  semilunar  in  shape  with  the 
concavity  looking  anteriorly  and  one  end  is  prolonged  into  an  ovi- 
duct. Only  the  mouth  and  terminal  portion  of  the  uterus  is  appar- 
ent in  these  crushed  specimens.  The  mouth  is  funnel  shaped.  The 
widened  mouth  in  this  case  contains  a  fully  formed  egg,  and  is  situ- 
ated near  the  margin  of  a  genital  atrium  placed  well  within  the 
angle  formed  by  the  bifurcation  of  the  intestinal  ceca  and  is  there- 
fore central. 

The  egg  is  irregularly  oval,  yellow,  and  has  a  filament  attached 
to  its  anterior  pole.  This  filament  is  rather  less  in  length  than  the 
egg  itself,  which  measures  .045    mm. 

The  sucker  disc  on  its  ventral  surface  is  concave  and  oval  in 
contour.  It  is  seen  to  be  divided  into  one  large  deep  sucker  occupy- 
ing most  of  the  disc  and  three  small  marginal  ones.  In  the  centre 
of  the  margin  the  largest  of  these  smaller  suckers  supports  through 
its  centre  the  largest  of  the  three  hooks,  and  extending  out  from 
it  is  a  tongue-like  process  of  skin  which  also  helps  to  support  the 
central  large  hook.  These  are  the  only  hooks  on  the  disc.  The 
large  one  is  three  times  as  large  as  the  lateral  ones,  which  are  more 
curved  than  the  large  one.  The  large  hook  is  .07  mm.  long  and 
terminates  in  two  sharp  booklets.  The  marginal  skin  is  extended 
outward  opposite  each  of  the  other  loculi.  but  not  to  the  same  extent 
as  in  the  case  of  the  central  one. 

In  life  the  sucker  disc  is  frequently  clasped  to  the  front  end  of 
the  body  and  by  this  movement  the  progression  of  the  worm  is 
in  some  way  facilitated:  it  may  be  much  as  a  crab  or  lobster  flaps 
its  tail. 

In  the  narrow  portion  between  the  body  and  the  disc  many 
muscular  fibres  are  seen  extending  up  into  the  ijody.  Execretory 
canals  can  also  be  seen,  but  no  outlet  could  be  made  out. 

Measurements  of  Trionchns  dasybatis. 

Length     i.oo  mm. 

\\'idth    6o  mm. 

Sucker  disc,  width 25  mm. 

Sucker  disc,  length 14  mm. 
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Long  hook  on  disc,  leiigtli 070  mm. 

Short  hooks  on  disc,  lengtli 025  mm. 

Cirrus,  length 040  mm. 

Egg,  length 045  mm. 

Egg,  width   ' 035  mm. 

Mo/iocotylc  sclachii.  now  sp. 

(Figs.  6  and  6A) 

Order  Trcmatoda  (  Rud. ) . 
Sub-order  Hetcrocotylea  (Grout.). 
Family  Monocotyli'dac  (Tasch.). 

On  July  19,  1915,  at  the  Laboratory  of  the  United  States  Fish 
Commission,  Wood's  Hole,  while  examining  the  nasal  glands  of  a 
large  Cestraciun  cyyaciia  there  was  found  within  them  a  Monocotxle 
which  is  regarded  as  a  new  species. 

It  is  elongated  in  form  and  almost  of  equal  width  throughout 
including  the  head  and  disc.  The  head  is  of  an  irregular  square 
shape  with  four  prominent  enlargements,  two  on  each  side  of  a 
concavity  at  the  anterior  margin  which  does  not,  however,  denote 
the  location  of  the  mouth.  The  enlargements  are  evidently  sensory 
areas  and  probably  are  capable  of  some  extension  when  the  worm 
is  feeling  its  way  about.  However,  there  does  not  appear  to  be 
any  suctorial  arrangement  by  which  the  worm  is  enabled  to  main- 
tain its  position,  if  we  leave  out  the  mouth  at  the  anterior  portion 
of  the  pharynx.  Almost  in  the  centre  of  the  portion  called  the  head 
is  seen  a  more  or  less  square  shaped  structure  which  represents 
the  pharynx  with  the  mouth  in  front.  The  mouth  and  perhaps  part 
of  the  pharynx  is  protrusible  as  needed.  This  is  shown  by  the  thick- 
ened and  movable  lips.  The  mass  also  includes  the  origin  of  the 
ceca  which  start  from  the  posterior  lower  part  of  the  pharynx  and 
pass  almost  at  once  behind  the  vitellaria,  which  hide  their  course 
backwards.  A  very  short  distance  further  posteriorly  a  coil  of  the 
vas  deferens  appears  before  it  makes  its  way  to  enter  the  rounded 
end  of  the  bulbus  ejaculatorius  which  in  this  instance  is  directed 
toward  the  pharynx  and  is  oblong  and  large  relatively.  From  its 
other  end  projects  the  cirrus  which  is  rather  short  and  wrinkled 
and  somewhat  triangular,  point  blunt  and  quite  rounded.  It  is 
covered  with  an  outer  shell,  and  is  nroliably  protrusible.  The  whole 
structure  in  this  instance  lies  anterior  to  and  over  the  genital  pore. 

The  vas  deferens  passes  anteriorly  along  the  right  side,  and 
shows  it  to  be  full  of  spermatozoa. 

The  testis  is  either  enclosed  in  a  sac  and  lobulated,  or  it  con- 
sists of  several  small  masses  or  testes.  The  posterior  end  of  the 
worm  is  so  filled  with  vitellaria  that  a  clear  view  of  this  organ 
is  impossible — an  examination  of  further  and  better  material  may 
clear  up  this  point. 
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I'he  ovary  is  situated  near  the  middle  of  the  body,  and  is  some- 
what S-shaped.  One  end,  however,  is  thick  and  massive,  while  the 
anterior  portion  is  prolonged  into  a  long  narrow  coiling  neck,  which 
in  one  instance  at  least,  reached  nearly  to  the  genital  pore.  This, 
however,  seemed  to  be  exceptional,  since  the  oviduct  arises  gener- 
ally from  the  anterior  portion  of  the  organ  and  almost  at  once 
receives  the  vitelline  ducts.  No  seminal  reservoir  could  be  made 
out  in  the  material  examined,  nor  could  a  vagina  be  traced,  although 
an  opening  could  be  seen  on  the  right  side  of  the  genital  pore,  very 
near  the  vitellarium,  which  seemed  to  be  the  mouth  of  a  vagina. 
The  vitellaria  are  plentiful  and  extend  from  the  pharynx  to  the 
caudal  disc,  being  unusually  profuse  posteriorly. 

The  sucker  disc  is  a  large  structure  of  unusual  formation.  It 
is  armed  with  two  short  strong  and  much  curved  hooks  on  the 
anterior  surface,  and  in  the  worms  from  the  Carcharias  obscurus  there 
are  also  a  number  of  very  small  hooks  on  the  extreme  margin,  but 
so  far  no  small  hooks  could  be  seen  on  the  edge  of  the  disc  in  the 
case  of  those  found  on  Cestracion  ::\qacna.  although  otherwise  the 
worms  seemed  alike.  The  ventral  surface  of  the  disc  has  scattered 
over  it  a  great  number  of  small  circular  loculi  or  suckers  of  dififerent 
sizes,  and  which  probably  have  different  or  separate  innervation 
which  may  enable  the  worm  to  have  greater  power,  or  to  release 
its  hold  partially  at  will ;  be  that  as  it  may,  the  fact  is  that  this 
disc  has  only  two  large  hooks  besides,  along  the  margin,  several 
small  ones  placed  at  regular  intervals.  There  are  no  ridges,  and 
the  worm  must  depend  on  its  large  sucker  for  support  in  its  place 
of  attachment,  assisted  by  the  powerful  pharynx  and  mouth,  where 
there  appears  much  muscular  tissue.  It  is  probable  though  that  as 
the  nasal  gland  is  its  local  habitat  eaclosed  from  outside  influences 
and  fixed  in  profuse  sticky  mucus,  it  does  not  need  any  greater 
means  of  adhesion.  Some  writers  have  described  the  findings  of 
worms  of  this  class  on  the  skin  and  in  the  mouth  of  their  host,  but 
it  must  be  that  they  are  only  accidentally  in  these  situations,  their 
proper  home  is  in  the  much  protected  nasal  gland. 

For  the  purpose  of  recognition  and  classification  it  may  be  said 
to  be  oblong,  even  in  width  throughout,  sucker  disc  with  two  hooks, 
several  verj-  small  ones  on  the  margin  and  no  ridges,  the  ventral  sur- 
face covered  with  numbers  of  small  suckers  of  dififerent  sizes,  body 
very  delicate  and  fragile.  Found  in  the  nasal  gland  of  Cestracion  sy- 
gaena  and  other  sharks  and  no  where  else  so  far;  genital  pore  central. 
The  skin  is  unarmed  and  the  body  is  sparsely  covered  throughout 
with  small  cells,  muscular  tissue  thinly  distributed  except  at  the 
junction  of  the  disc  and  the  body,  water  vascular  system  quite  evi- 
dent, on  each  side  of  the  pharynx  are  to  be  seen  small  ducts  which 
develop  into  quite  large  canals  which  show  as  an  open  line  on  each 
side  in  the  dense  vitellaria.  They  terminate  near  the  disc,  but  no 
definite  outlet  is  seen.     Since  the  same  worm  is  also  found  in  the 
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nasal  passages  of  Carcharias  obscuriis  as  well  as  Cestracion  cvgaoia, 
and,  as  I  have  no  doubt  it  may  be  also  found  in  similar  locations  in 
other  sharks,  I  would  therefore  propose  the  name  Monocotyle  selachii. 

Measurements  of  Monocotyle  selachii. 

Length    5.40  mm. 

Width    1 .00  mm. 

Width  of  head    1.20  mm. 

Width  of  disc   i.oo  mm. 

Length  of  disc  hooks   0.03  mm. 


DiplectaiiHin  plurovitclliiin.  nov.  sp. 
(Fig.  7) 

Sub-family  Gyrodactylidae  v.  Ben.  et  Hesse 
Genus  Tetraonchus  v.  Ben.  et  Hesse 
Sub-genus  Diplcctanum  v.  Ben.  et  Hesse 

A  new  form  of  Diplcctanum  was  found  on  the  gills  of  Teuthis 
hepatus  on  November  2^,  191 5,  which  seems  to  have  escaped  observa- 
tion hitherto.  It  has  also  since  been  found  on  the  gills  of  Aniso- 
treinus  virginicus. 

Like  all  the  other  members  of  the  family  it  is  small,  being  only 
L60  mm.  in  length  by  .20  mm.  in  width.  Its  head  is  more  or  less 
conical  in  shape,  much  more  so  than  any  of  the  other  known  mem- 
bers of  the  family,  but  the  most  striking  feature  of  its  anatomy  is 
the  peculiar  arrangement  of  the  vitellaria  which  is  distinctively 
blocked,  cut  into  two  rows,  one  on  each  side  of  irregular  more  or 
less  triangular  blocks  distinctly  separated  from  one  another,  except 
that  along  the  internal  margin  of  each  row,  Avhere  they  are  connect- 
ed by  an  antero-posterior  column  of  vitellarium.  There  are  gener- 
ally sixteen  or  se\enteen  of  these  portions  on  each  side,  and  they 
extend  from  nearly  as  far  forward  as  the  pharynx  and  to  near  the 
disc  posteriorly.  The  mouth  is  not  definite  but  the  pharynx  is  large 
and  prominent  and  probably  serves  as  the  mouth.  On  each  side 
of  this  extending  from  about  its  middle  on  each  side  is  a  row  of 
tactile  areas  which  seem  to  serve  as  sensory  areas.  They  extend 
nearly  to  the  extreme  anterior  end  of  the  w^orm.  There  are  four 
ocular  spots,  two  just  within  the  edge  of  the  pharynx  and  two  more 
anteriorly.  The  bifurcation  of  the  oesophagus  takes  place  back  of 
the  pharynx,  and  is  not  very  distinct,  although  it  can  be  made  out 
to  a  certain  extent  in  the  usual  situation  and  a  short  distance  poste- 
rior to  this  division  may  be  seen  the  genital  pore,  where  the  uterus 
terminates. 

The  uterus  is  short  and  CA'idently  only  contains  one  tgg  at  a 
time  for  in  each  specimen  under  observation  the  uterus  contains 
an  ovoid,  yellow  egg  which  is  relatively  large;  it  is  without  the 
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usual  filament.  Over  the  genital  pore  the  cirrus  presents  itself  and 
is  peculiar  in  form  being  in  this  quite  as  diagnostic  as  those  of  the 
other  species.  It  is  long  and  curved  and  has  a  bulbus  ejaculatorius 
at  its  posterior  end  which  is  more  or  less  pear-shaped,  the  larger 
end  being  posterior.  The  ovary  is  roundish  or  rather  ovoid  and  is 
centrally  situated  at  the  junction  of  the  anterior  quarter  with  the 
posterior  three-quarters  of  the  worm,  and  immediately  behind  it  is 
the  large  single  roundish  testis.  The  genital  junction  is  directly 
in  front  of  the  ovary.  The  vas  deferens  passes  on  the  left  side  of 
the  ovary  towards  the  posterior  end  of  the  bulbus  ejaculatorius. 

The  intestines  or  ceca  seem  to  join  into  a  single  tube  posterior 
to  the  testis  which  passes  down  the  middle  to  nearly  the  posterior 
end  of  the  worm. 

The  disc  is  directly  terminal  after  the  body  has  narrowed  some- 
what. It  is  armed  with  two  large  and  strong  hooks  which  point 
laterally  and  at  least  also  with  eight  spicules  or  small  hooks  on  the 
posterior  edge  of  the  end  of  the  disc.  The  skin  is  smooth  and 
unarmed. 

On  the  gills  of  the  same  host  were  a  number  of  Diplectanum 
teuthis. 

Measurements  of  Diplectanum  phirovittclltim. 

Length     1.60  mm. 

Width    0.20  mm. 

Egg 05+.02  mm. 


Acanthodiscus  remorae,  nov.  sp. 

(Figs.  8  and  8 A) 

Order  Trcmatoda  (Rud.). 
Sub-order  Hctcrocotylca  (Mont.). 
Family  Gyrodactylidae  v.  Ben.  et  Hesse. 

On  May  16,  1915,  while  examining  some  material  from  New 
York  Aquarium  I  found  on  the  gills  of  an  Echciieis  nauciatcs  a  small 
worm  as  well  as  a  lot  of  specimens  of  Dionchus  (Goto).  Again  on 
May  19,  more  attention  was  paid  to  the  gills  of  a  larger  fish,  which 
in  order  to  secure  more  specimens  of  the  new  worm,  the  gills  were 
rubbed  under  water  between  the  fingers  and  thumb,  and  the  result 
proved  to  be  the  dislodgement  of  a  number  of  the  worms  sought 
although  a  good  many  had  left  their  discs  adhering  to  the  gills. 
Several,  however,  were  perfect  and  answered  the  following  descrip- 
tion: It  is  small,  not  more  than  1.80  mm.  long  and  .30.  mm.  wide. 
It  is  elongated  and  presents  as  its  chief  characteristic  a  relatively 
large  posterior  clinging  disc  on  which  are  two  large  much  curved 
hooks.  These  seem  to  be  attached  to  a  loose  marginal  fold  around 
the  edge  of  the  disc.     The  disc  is  concave  and  presents  on  its  sur- 
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face  a  series  of  irregular  depressions,  but  no  ridges  may  be  seen. 
It  merely  looks  like  one  large  sucker  with  near  its  center  two  large 
hooks,  one  on  each  side,  much  curved  and  with  the  points  looking 
toward  the  center  of  the  disc.  The  skin  is  thick  and  unarmed,  al- 
though it  is  serrated.  The  head  of  the  worm  is  in  shape  that  of  an 
obtuse  triangle  with  the  small  mouth  terminal ;  a  short  distance 
from  the  mouth  is  seen  the  pharynx  and  between  the  two  are  four 
ocular  spots.  Around  the  ocular  spots  and  also  enclosing  part  of 
the  pharynx  is  a  circle  of  deeply  stained  mucus  cells  three  or  four 
deep.  The  head  is  somewhat  marked  off  from  the  body  by  a  notch 
on  each  side  conveying  the  impression  of  the  presence  of  a  neck 
and  it  is  surrounded  by  a  margin  of  elongated  mucus  unicellular 
glands  so  closely  set  together,  and  staining  more  deeply  than  the 
neighboring  tissue  that  it  gives  the  appearance  of  a  narrow  band 
extending  as  far  as  the  neck  a  little  back  from  the  edge  of  the  worm. 
Inside  of  this  band  of  cells  is  a  narrow,  clear  space,  where  the  water 
vascular  ducts  are  plainly  seen  also  surrounding  the  head. 

The  pharynx  is  roundish,  and  it  is  surrounded  by  a  circle  of 
mucus  cells  which  apparently  supply  it  with  mucus.  On  the  left  side 
of  the  neck  the  genital  atrium  is  placed,  a  short  distance  from  the  edge. 
It  is  sparingly  armed  with  a  cluster  of  spicules.  This  opening  is  al- 
most directly  opposite  the  pharynx,  and  shows  the  cirrus  and  uterus 
there.  There  are  two  testes,  one  before  the  other  in  the  center  of 
the  body,  and  either  one  is  twice  as  long  as  the  ovary,  which  is  situ- 
ated in  front  of  them.  They  are  oblong  and  rounded  and  give  forth  a 
relatively  very  large  vas  deferens  which  is  much  coiled  and  makes  its 
way  anteriorly,  first  emptying  into  a  large  vesicula  seminalis  then  into 
a  large  cirrus  sac.  The  cirrus  itself  is  apparently  armed  at  the  end, 
and  is  more  or  less  globular  at  this  point  with  a  large  prostate  behind. 
The  ovary  is  small  and  round  and  situated  about  the  middle  of  the 
worm.  The  oviduct  is  fairly  long,  and  is  met  by  a  duct  from  the  sem- 
inal reservoir  situated  on  the  left  side  and  in  front  of  the  ovary ;  but  if 
there  is  a  vagina  it  must  be  back  from  the  margin  of  the  worm  among 
the  vitellaria,  for  it  cannot  be  made  out  distinctly.  The  ootype  is 
surrounded  by  a  voluminous  shell  gland,  and  the  uterus  near  its 
termination  is  provided  with  a  metraterm  well  developed.  The 
intestines  are  not  easily  followed  in  their  course  under  the  profuse 
vitellaria  which  extends  from  the  neck  on  each  side  to  near  the  disc 
posteriorly.     No  fully  developed  eggs  were  seen. 

Measurements  of  Acanthodisciis  rcmorac. 

Length   i  .80  mm. 

\\idth    30  mm. 

Diameter  of  disc 40  mm. 

^^'idth  of  neck  at  eyes 20  mm. 

Diameter  of  ovary   10  mm. 

Diameter  of  testis    20  mm. 


Fig.  O-A 


^ 


Fig.  9  Fig.  9-B 

FIG.  0.     ACANTHOCOTYLE  RAI.-IE.     FIG.  I-A.    LATERAL  \1E\V.     FIG.  0-B.    NASAL  GLAND. 
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Acanthocotylc  raiac,  nov.  sp. 

(Figs.  9  and  9A  and  B) 

Sub-order  Hcterocotylca  (  Alont.j. 
Family    Gyrodactylidac  v.    Ben.   et   Hesse. 

On  July  4.  11)14,  while  examining  a  large  summer  skate,  Raja 
crinacca  at  the  Laboratory  of  the  United  States  I'lsh  Commission  at 
Wood's  Hole,  there  were  found  in  the  nasal  mucus  sacs  or  gland? 
a  number  of  small  forms  for  which  I  propose  the  above  name. 

The  nasal  gland  of  fishes  seems  to  have  received  scant  attention 
and  the  fact  that  it  is  a  very  favorite  home  for  certain  species  of 
Heterocotyleans  and  even  some  crustaceans  as  Copepods,  Erga- 
sillae,  etc.,  seems  to  have  been  entirely  overlooked.  The  wide  open 
nostrils  of  course  are  always  noticed,  but  behind  these  are  the  large 
mucus  glands  whose  function  seems  to  be  to  secrete  large  quanti- 
ties of  mucus,  perhaps  to  assist  the  numerous  skin  glands  in  the 
anterior  portions  of  the  fish  to  lubricate  the  front  and  thus  facilitate 
speed,  lessen  friction,  etc.  In  Raia  erinacea  the  gland  is  a  little  over 
two  inches  long  by  a  little  over  an  inch  wide  and  is  more  or  less  cylin- 
drical. It  is  open  at  one  side  and  closed  by  a  broad,  band-like 
structure  on  the  opposite  side  which  runs  from  end  to  end.  Each 
side  is  composed  of  many  thin  lamellae  placed  closely  side  by  side 
across  the  length  of  the  structure  which  allows  it  to  be  opened  like 
a  book  although  the  leaves  run  in  an  opposite  direction.  It  is 
generally  filled  with  thick  mucus  and  in  this  the  worms  live.  (Fig.  9b.) 

To  show  that  the  location  where  found  is  the  natural  habitat, 
I  may  say  that  in  this  instance  as  many  as  t%venty-five  worms  were 
found  in  the  two  glands.  They  were  also  found  in  the  same  location 
in  other  .':kates  of  this  species,  as  well' as  in  Raja  occUata.  It  has  been 
customary  with  parasitologists  to  credit  this  family  of  small  worms 
as  skin  parasites,  and  indeed  they  may  sometimes  be  found  on  the 
skin,  but  I  am  confident  that  their  position  there  is  merely  acci- 
dental, for  as  may  be  seen  by  the  description  of  its  anatomy  it  could 
not  derive  any  nourishment  on  the  outer  skin  of  these  large  and 
rough  fishes,  nor  could  it  even  retain  its  hold  there  for  any  prolonged 
time;  while  embedded  always  in  the  plentiful  mucus  of  the  nasal 
glands,  they  not  only  find  plenty  of  nourishment,  but  are  protected 
from  outside  exposure. 

The  present  member  of  the  group  is  only  1.60  mm.  in  length 
by  0.60  mm.  in  width.  It  is  elongated  in  form,  delicate  in  structure 
and  of  nearly  equal  width  throughout.  It  is  concave  ventrally  and 
very  convex  dorsally.  (Fig.  9a.)  Its  most  prominent  feature 
is  a  large  roundish  sucker  disc  at  its  nosterior  extremitv.  Its  head 
or  anterior  end  is  but  little  curved  from  side  to  side,  and  in  the 
centre  is  a  shallow  notch,  on  each  side  of  which  are  three  sensory 
papillae.     A  short  distance  posterior  to  the  notch  in  the  anterior 
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border  is  a  prominent  pharynx,  the  anterior  end  of  which  has  thick- 
ened lips  which  constitute  the  mouth  of  the  worm. 

The  oesophagus  is  short  and  divides  into  two  wide  intestinal 
ceca  which  extend  well  back  towards  the  disc.  The  disc  is  round 
and  concavo-convex  having  on  its  ventral  surface  fourteen  suckers 
of  medium  size  around  the  margin  and  five  larger  ones  in  the  center. 
These  are  separated  by  prominent  rough  ridges,  indeed  every  locu- 
lus  is  surrounded  by  a  very  rough  margin.  At  or  near  the  outer 
edge  of  the  space  between  each  pair  of  marginal  suckers  is  a  very 
small  hook.  The  disc  is  almost  as  wide  as  any  part  of  the  bod}' 
being  0.39  mm.  in  diameter. 

The  male  genitalia  consist  of  two  relatively  large  ol^long  testes 
which  lie  side  by  side  in  the  middle  of  the  body  and  immediately 
behind  the  ovary.  The  vasa  deferentia  unite  and  run  coiling  for- 
ward to  form  a  prolonged  widened  portion  or  sac. — the  vesicula 
seminalis.  This  sac  shortly  narrows  to  a  small  tube  which  again 
widens  into  a  fusiform  structure,  the  ductus  ejaculatorius.  which 
in  turn  narrows  and  enters  the  base  of  the  bulbus  ejaculatorius: 
passing  through  this  organ  it  terminates  in  the  cirrus  a  long  curved 
organ  which  flares  somewhat  at  its  extremity.  It  is  chitinous  in 
structure  and  somewhat  yellow  in  color,  it  overhangs  the  genital 
pore  and  is  apparently  always  directed  backwards. 

The  female  genitalia  consists  of  an  irregularly  curved  flask- 
shaped  body,  the  ovary  with  a  long  neck.  Its  base  rests  between 
the  anterior  ends  of  the  testes  and  the  neck  extends  forward  toward 
the  genital  pore  coiling  somewhat  on  its  way.  The  genital  pore 
is  situated  centrally  in  the  angle  formed  by  the  beginning  of  the 
ceca.  The  neck  of  the  ovary  ends  in  the  oviduct  which  shortly 
receives  the  vitelline  ducts  projecting  from  the  vitellaria  on  the 
sides.  The  seminal  reservoir  lies  across  the  worm  a  short  distance 
posterior  to  the  uterus.  It  is  in  the  shape  of  a  hammock  having  a 
vagina  connected  with  it  on  each  side.  It  communicates  here  with 
the  oviduct  which  passes  on  to  pass  through  a  large  shell  gland 
and  then  merges  into  a  peculiarly  shaped  uterus  which  is  somewhat 
fusiform  or  pear-shaped,  the  widest  portion  being  anterior  and  dis- 
playing there  its  mouth  with  \ery  thick  lips.  The  uterus  seems  to 
be  constructed  of  large  muscular  cells  which  stain  deeply.  It  seems 
only  constructed  to  hold  one  egg  at  a  time  and  in  one  specimen  an 
egg  was  seen  to  occupy  the  mouth.  This  was  oval,  somewhat  col- 
lapsed, yellow  and  with  a  short  chitinous  filament  attached  to  one 
pole.  The  egg  measures  0.02  mm.  (Fig.  9.)  The  vitellaria  are  very 
plentiful,  extending  along  to  the  sides  from  opposite  the  pharynx  to 
near  the  disc. 

For  the  purpose  of  classification  the  worm  may  be  said  to  be 
elongated,  to  three  times  its  width,  although  this  varies  much  in 
life,  disc  without  large  hooks,  but  with   fourteen   marginal   loculi, 
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FIG.  10-,A.    GENIT.AL  SCHEME  OF 
A.  MERLUCll  AMERICANUS. 
b — One  of  the  large  suckers  or  claspers.     d — Hooks 
at  tip  of  disc. 
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five   internal    ones,   and    several    small   hooks.      Occurs    in    the    nasal 
glands  of  several  species  of  skates. 

Measurements  of  Acanthocotylc  raiae. 

Length 1.60  mm. 

Width    50  mm. 

Diameter  of  disc 30  mm. 

Eeg    02  mm. 


"t>6> 


Anthocotyle  mcrliicii  americamis,  nov.  sp. 

(Figs.  10  and  loA) 

Family   Octocotylidae  v.   Beneden   et   Hesse. 

At  Wood's  Hole,  Mass.,  at  the  Laboratory  of  the  United  States 
Fish  Commission  on  August  i,  1913,  I  found  on  the  gills  of  Merluc- 
ius  bilinearis  a  worm  which  in  general  appearance  resembles  the  An- 
thocotyle nierlus,  or  merlucii,  first  described  by  Vnn  Beneden  and 
shown  by  a  plate  given  in  his  paper  and  also  by  Dr.  M.  Braun. 
This  plate,  however,  shows  no  anatomy  of  the  worm  except  in  the 
most  general  outline.  On  studying  the  present  form  more  closely 
I  found  that  while  of  the  same  genus  it  was  not  by  any  means  the 
same  worm  or  the  same  species.  Li  the  first  place  this  is  larger 
and  the  first  two  large  suckers  which  are  such  a  prominent  feature 
in  the  form  are  not  at  all  like  those  of  A.  merlucii  of  the  European 
hake  either  in  their  shape  or  structure.  Again,  while  A.  merlucii  has 
only  the  eight  suckers  usual  with  the  Octocotylinae  the  new  worm 
has  beside  these  a  small  square  shaped  extension  of  skin  between 
the  posterior  pair  of  suckers  on  which  are  placed  four  small  hooks 
and  which  form  the  extreme  posterior  limit  of  the  worm.  These 
differences  have  induced  me  to  ask  a  place  for  the  American  form 
as  a  new  species. 

The  worm  is  found  in  sparse  numbers  only  as  far  as  I  know 
on  the  gills  of  a  common  well  known  fish  on  the  New  England 
coast. — the  New  England  hake,  or  whiting,  Merhicius  bilinearis. 
This  fish  is  common  in  American  waters  from  the  Bahamas  north- 
ward to  the  Straits  of  Belle  Isle. 

Anthocotyle  is  a  worm  of  a  very  delicate,  thin  structure  and 
vet  with  very  powerful  means  of  holding  to  its  place  of  attach- 
ment, and  this  is  probably  the  reason  for  its  described  rarity.  Van 
Beneden  claims  only  to  have  seen  two  specimens.  However,  if 
care  is  taken  they  may  be  found.  It  is  extremely  filmy  except  in 
the  neighborhood  of  its  large  suckers,  where  there  is  considerable 
muscular  tissue,  as  well  as  the  large  chitinous  framework  of  the 
suckers. 
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It  belongs  to  the  family  Octocotylidae  and  the  peculiarity  of 
its  armature  is  that  while  it  has  eight  suckers,  the  two  anterior 
ones  are  out  of  all  proportion  with  the  others  of  the  set,  the  anterior 
ones  being  very  large  while  the  other  six  are  very  small.  The  ante- 
rior ones  also  are  not  of  the  same  size,  the  right  one  being  much 
larger  than  the  other,  and  this  is  constantly  so  in  all  the  specimens. 
(Fig.  lo.) 

The  worm  is  about  9  mm.  in  length  by  1.20  mm.  in  width  at 
its  widest  point;  one  specimen,  however,  measured  when  mounted 
12  mm.  by  2  mm.  The  large  suckers  measure  in  diameter  1.20  mm., 
while  the  smaller  ones  measure  .053.  The  head  is  very  small,  being 
surmounted  on  each  side  by  a  rather  large  sensory  papilla.  The 
mouth  is  large  and  semilunar  in  shape,  the  concavity  being  toward 
the  anterior  extremity.  Somewhat  posterior  to  the  lower  lip  on 
each  side  is  a  small  sucker,  and  still  more  posterior  and  between 
these  is  the  pyriform  pharynx.  The  oesophagus  bifurcates  almost 
immediately  into  ceca  and  in  the  angle  thus  formed  is  as  usual  the 
genital  opening,  or  uterine  atrium ;  protruding  from  this  is  a  very 
prominent  cirrus  at  the  end  of  the  vas  deferens.  The  end  of  the 
cirrus  is  enlarged  and  also  armed  with  rather  long  chitinous  spines 
or  spicules  arranged  in  somewhat  irregular  rows.  The  vas  deferens 
is  large  and  more  or  less  occupies  the  central  space  between  the 
profuse  vitellaria,  which  occupies  the  greater  part  of  the  body  on 
each  side.  The  testes  not  very  numerous,  are  small  and  are  almost 
entirely  covered  under  the  vitellaria.  However,  in  one  large  speci- 
men twenty  could  be  counted. 

The  female  genital  apparatus  consists  of  the  usual  organs :  the 
ovary  is  club-shaped  and  situated  at  about  the  middle  of  the  bod\% 
the  oviduct  being  a  continuation  of  the  sinaller  end  which  is  at  first 
directed  posteriorly,  but  after  receiving  the  duct  from  the  seminal 
reservoir  and  the  vitelline  ducts  it  proceeds  across  the  body  from 
left  to  right,  to  pass  into  the  ootype.  The  shell  gland  is  small  and 
compact  and  very  distinct.  The  ootype  is  fairly  large,  as  is  also 
the  uterus.  In  one  of  the  specimens  being  described  a  fully  formed 
egg  is  seen.  It  is  long  and  narrow  and  pro\'ided  with  a  filament 
at  each  end  which  are  several  times  the  length  of  the  egg  as  shown 
in  figure  2.  At  the  point  where  the  worm  suddenly  enlarges  at 
the  neck,  forming  a  sort  of  shoulder,  is  the  opening  on  each  side 
of  a  vagina,  both  of  which  can  be  traced  posteriorly  as  far  as  the 
beginning  of  the  vitelline  ducts. 

One  of  the  main  points  of  difference  betw^een  this  form  and 
that  of  A.  merlncii  is  first  that  the  chitinous  structure  in  the  suckers 
is  very  different,  as  may  be  seen  by  the  plate,  and  second  that  between 
the  last  pair  of  small  suckers  a  prolongation  of  skin,  square  across  the 
terminal  and  is  armed  with  four  dift'erent  hooks.  (Fig.  loa-b.) 
These  are  entirely  absent  in  A.  mcrhicii.      The  size  of  A.  mciiucii. 
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4  mm.,  as  given  by  \  an  Beneden  is  not  more  than  half  the  length  of 
the  American  form,  which  in  some  cases  measured  I2  mm. 

Measurements  of  Anthocotyle  nierlucii  aniericanus. 

Length   9  mm.  to  12  mm. 

Width    1.20  mm.  to     2  mm. 

Diameter  of  large  suckers   1.20  mm. 

Diameter  of  smaller  suckers 50  mm. 

Egg    05  mm. 


Amphibdella  torpedinis. 

(Fig.  II) 

Family   Gyrodactylidae  v.    Ben.   et   Hesse. 
Genus  Amphibdella  (Chatin). 

In  1874  Chatin  discovered  and  described  this  worm  with  the  above 
family  history.  He  found  it  on  the  gills  of  Tetranarce  occidentalis 
and  named  it  Amphibdella  torpedinis.  I  am  only  writing  a  short  de- 
scription of  it  in  order  to  compare  it  with  another  species  of  the  same 
family  which  I  found  on  the  same  fish  and  under  the  same  conditions 
as  A.  torpedinis,  a  description  of  which  I  am  giving  in  a  separate  paper. 

They  are  totally  different,  although  found  in  the  same  habitat  in 
about  equal  numbers  (see  plate).  As  the  description  of  this  worm 
in  any  book  to  which  I  have  access  is  rather  meagre  and  no  plate 
showing  its  anatomy  is  given,  I  am  tempted  to  try  and  give  a  little 
more  perfect  description  as  I  found  it,  also  in  order  that  it  may  be 
compared  with  Amphibdella  flavolineata  as  given  in  this  paper. 

The  form  is  quite  graceful  and  about  4  mm.  in  length  by  i  mm,  in 
width.  The  anterior  end  is  concave,  in  the  center  of  which  is  the 
mouth.  On  each  side  of  the  head  are  seen  three  large  sensory  papillae, 
and  between  the  posterior  two  is  a  mass  of  unicellular  glands,  which 
in  the  stained  specimen  is  highly  colored.  There  is  also  a  mass  of 
these  on  each  side  of  the  pharyn.x.  The  pharynx  is  relatively  large, 
and  the  postpharyngeal  oesophagus  bifurcates  into  the  intestinal  ceca 
close  to  the  pharynx.  The  genital  opening  is  placed  in  the  angle 
formed  by  the  branching  ceca  and  here  prominently  is  seen  the  large 
peculiar  chitinous  cirrus,  composed  apparently  of  two  tubes  ending 
in  three  brownish  hooks  at  the  distal  end  of  the  cirrus ;  at  its  base,  or 
at  least  connected  with  it  is  seen  the  bulbus  ejaculatorius,  through  the 
center  of  which  the  seminal  tube  passes  ;  immediately  behind  this  is 
the  ductus  ejaculatorius,  which  is  quite  muscular  and  is  somewhat 
sausage-shaped,  although  becoming  quite  small  at  each  end ;  this  re- 
ceives the  seminal  duct  from  another  somewhat  semilunar  enlargement, 
which  may  be  called  the  posterior  prostatic  reservoir ;  this  also  is  con- 
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nected  posteriorly  with  the  vesicula  seminalis,  which  is  the  main  reser- 
voir of  spermatozoa  and  it  is  directly  in  connection  with  the  testis  by 
means  of  the  vas  deferens.  There  is  also  a  fine  tube,  brown  in  color, 
which  extends  from  the  junction  of  the  posterior  prostatic  reservoir 
and  the  ductus  ejaculatorious;  this  is  seen  to  enter  the  cirrus  at  about 
the  middle  of  its  length.  The  testis  is  situated  beside  the  ovary  on 
the  left  side  of  the  worm  when  looking  at  the  ventral  surface,  it  is 
single  and  the  vas  deferens  crosses  over  the  dorsal  surface  of  the  ovary 
to  join  the  vesictila  seminalis. 

The  ovary  is  flask-shaped  with  a  long  neck,  which  is  in  part  the 
oviduct.  The  genital  connection  takes  place  a  little  anterior  to  the 
ovary  and  the  uterus,  which  is  quite  short,  ends  at  the  edge  of  the 
genital  pore  in  the  center  of  the  anterior  part  of  the  worm.  Its  mouth 
is  somewhat   funnel-shaped  and  appears  muscular  and  circular. 

The  vitellaria  are  plentiful  and  extend  from  opposite  the  anterior 
part  of  the  ovary  to  the  disc  posteriorly. 

No  vagina  is  \-isible.  The  excretory  system  may  be  distinctly 
seen  terminating  in  two  or  three  good-sized  canals  which  extend  to 
the  sucker  disc.  One  small  canal  is  seen  to  empty  on  the  side  of  the 
body. 

The  intestines  seem  to  end  in  one  large  coecum  which  passes  down 
tlie  middle  of  the  body  cavity  and  ends  at  the  junction  of  the  middle 
with  the  posterior  third  of  the  body. 

The  disc  is  wide  and  muscular  and  connected  with  the  body  by  a 
neck  almost  as  wide  as  the  body.  The  muscular  fibres  which  control 
it  are  plainly  visible.  The  disc  is  more  or  less  circular  on  its  distal 
face  and  is  armed  with  four  large  yellow  hooks  besides  several  very 
small  hooks  situated  at  the  edge  of  the  disc. 

Measurements  of  AmphibdcUa  torpcdinis. 

Length 4.00  mm. 

Width    1. 00  mm. 

Pharyn.x,   diameter    09  mm. 

Pharynx,  from  anterior  end  of  worm 20  mm. 

Ovary,    length    35  mm. 

Ovary,  width 04  mm. 

Testis,  length   20  mm. 

Testis,  width    07  mm. 

Sucker  disc,  width   25  mm. 

Sucker  disc,  depth    13  mm. 

Hooks  on  disc,  length 10  mm. 

Chitinous  Cirrus,  length    05  mm. 

Chitinous  Cirrus,  width 15  mm. 
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Amphibdella  flaz^olincatus.  nov.  sp. 

(Figs.  12  and  12A) 

Family   G\rodact\Iidae  v.    Ben.    et   Hesse. 
Genus  Amphibdella   (Chatin). 

In  1874,  Chatin  discovered  and  described  a  small  worm  belonging 
to  this  family,  wliich  he  found  on  the  gills  of  Tctranarcc  occidcntalis 
and  which  he  named  Amphibdella  torpedinis. 

On  July  6.  1914.  at  the  United  State  Fish  Commission  Laboratory 
at  Wood's  Hole.  Mass..  there  was  found  on  the  gills  of  a  large  torpedo- 
Tetranarce  occidcntalis  a  great  many  A.  Torpedinis  and  also  an  almost 
equal  number  of  another  Amphibdella  which  as  far  as  the  writer  is 
aware  has  not  hitherto  been  described.  It  is  quite  different  from  A. 
torpedinis  and  for  purposes  of  identification  the  following  characters 
may  be  given  :  Two  prominent  rows  of  light  yellow  colored,  lobu- 
lated  vitellaria.  one  along  each  side;  a  large  armed  sucker  disc  connect- 
ed to  the  body  by  a  much  constricted  neck :  disc  divided  into  two  large 
lobes,  and  these  again  subdivided  into  several  smaller  lobules.  On 
each  of  the  lobes  are  two  fairly  large  hooks,  but  as  far  as  can  be  seen 
there  are  no  other  smaller  hooks.  The  disc  is  joined  to  the  body  by 
a  narrow  pedicel  or  neck,  but  strong  muscular  bands  may  be  seen  ex- 
tending from  the  hooks  and  disc  well  up  into  the  body. 

The  worm  is  from  4.50  to  6  mm.  in  length  by  i  mm.  in  width. 
The  genital  organs  are  situated  chiefly  in  the  anterior  quarter  of  the 
body.  The  head  is  small  and  surmounted  on  each  side  of  the  mouth 
by  three  sensory  papillae  or  areas.  These  connect  with  small  tubes 
which  are  numerous  as  far  as  the  pharynx.  The  pharynx  is  round, 
large  and  surrounded  by  many  vascular  unicellular  mucus  or  salivary 
glands,  which  by  means  of  long  ducts-  open  into  the  oesophagus  and 
pharynx.    They  stain  deeply  and  are  hence  prominently  in  sight. 

The  post-pharyngeal  oesophagus  divides  almost  immediatelv  into 
two  intestinal  coeca  which  are  long  and  extending  down  the  center  of 
the  body  throughout  most  of  their  course,  almost  to  the  base  of  the 
sucker  disc. 

The  female  genital  apparatus  occupies  the  triangular  space  be- 
tween the  bifurcation  of  the  oesophagus  into  the  intestines  and  between 
the  anterior  ends  of  the  vitellarian  tubes.  These  latter  are  the  most 
prominent  markings  of  the  worm  in  life,  giving  it  the  appearance  of 
having  two  wide  light  vellow  lobnlated  stripes  throughout  nearly  its 
whole  length.  \Mien  magnified  these  stripes  show  each  to  be  enclosed 
in  a  sac  or  membrane  and  to  be  made  up  of  large  rounded  lobules  of 
vitellaria.  At  the  anterior  end  the  two  columns  come  together  by  two 
slender  vitelline  or  yolk  ducts  where  thev  enter  the  oviduct. 

The  ovary  is  large,  graceful  and  flask-shaped  with  a  long  neck 
and  this  terminates  in  the  oviduct  which  is  short  and  joined  by  the 
ducts  from  the  seminal  reservoir  and  vitellaria.  The  shell  gland  is 
also  to  be  seen  very  distinctly  near  this  point. 
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The  uterus  is  quite  short  and  ends  near  the  edge  of  the  genital 
atrium  in  the  centre  of  the  body  and  well  into  the  angle  at  the  bifur- 
cation of  the  intestinal  coeca.  Its  end  or  mouth  is  at  the  end  of  a  tri- 
angular or  funnel-shaped  widening  of  the  tube.  In  the  specimen 
described  herein  an  ligg  is  observed  which  is  oval,  yellow,  and  in  this 
case  has  a  wrinkled  chitinous  shell.  It  measures  .03  in  length  and 
apparently  only  one  egg  is  developed  at  a  time,  for  in  this  case  no 
other  can  be  seen  to  be  in  process  of  formation.  No  vagina  can  be 
seen. 

The  male  genital  apparatus  also  occupies  the  anterior  portion  of 
the  worm  and  is  a  rather  complex  structure. 

The  testis,  a  large  single  one,  is  situated  dorsally  of  the  anterior 
end  of  the  right  vitellarium.  The  vas  deferens  is  consequently  short 
and  lea\ing  the  testis  it  widens  somewhat,  then  enters  the  base  of  the 
anterior  prostatic  reservoir  or  vesicula  seminalis,  which  is  large  and 
flask-shaped,  and  this  after  coming  to  a  quite  narrow  neck  widens  into 
the  ductus  ejaculatorius  which  is  somewhat  sausage-shaped  and  mus- 
cular, this  terminates  in  a  fine  duct  or  tube  which  enters  at  its  base 
a  ball-shaped  muscular  structure  the  bulbus  ejaculatorius,  and  through 
the  centre  of  which  it  passes  to  end  in  the  base  of  the  chitinous  cirrus, 
which  is  .05  mm.  in  length  by  .020  in  width,  hollow  and  terminating 
at  the  tip  in  two  short  hooks. 

The  genital  connection  takes  place  where  the  two  columns  of  vitel- 
laria  connect  anteriorly ;  this  scheme  or  connection  is  shown  in 
Fig.  12a. 

As  will  be  seen  from  the  above  description,  this  worm  ditf'ers  very 
materially  from  torpcdinis.  although  found  together  and  under  the 
same  circumstances;  therefore,  it  would  appear  to  be  a  nov.  sp.,  for 
which  I  propose  the  name  of  AmphihdcUa  flavoUneatiis. 

Measurements  of  .Imphibdella  flavolineatus. 

Length     4.50  to  6.00  mm. 

Width    I  -oo  mm. 

Sucker  disc,  width    34  mm. 

Sucker  disc,  length 20  mm. 

Ovary,  length 25  mm. 

Ovary,  width 08  mm. 

Hooks  on  sucker  disc,  length 10  mm. 

Pharynx,  diameter    10  mm. 

Cirrus,   length    05  mm. 

Cirrus,    width    02  mm. 

Testis,  length 13  mm. 

Testis,  width    09  mm. 

Egg,  length 03  mm. 
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Parainphistoimt))!  papillusioiuuiii,  nov.  sp. 

Family  Paramphistomidac   (Fisch.). 
Sub-family   Parainpliistoniinae   (Fisch.). 

Before  the  above  nomenclature  was  finally  settled  the  name  of  this 
genus  had  caused  a  consideraljle  discussion.  In  1788  a  worm  was  dis- 
co\-ered  by  Schrank  which  from  its  description  seems  to  have  been  an 
ainphistomum.  He  named  it  Fcstucaria  strigis,  having  found  it  in  an 
owl.  Then  in  1790  Abildgaard  found  a  similar  worm  and  called  it 
Strigea.  In  1801  Rudolphi  arbitrarily  ignored  any  previous  names 
given  to  the  genus  and  named  it  Amphistomutn  macrocephalum,  and 
he  also  applied  this  name  as  the  synonym  of  a  great  number  of  species 
reported  by  other  observers.  This  apparently  held  until  1901  when 
Fischoeder,  in  an  attempt  to  clear  up  the  whole  matter  of  name,  called 
the  genus  Paramphistoinum,  family  Paramphistomidac,  subfamily 
Paramphistominae.  He  intended,  it  is  presumed,  that  this  name  should 
include  all  of  the  former  genera  and  species  of  the  so-called  Amphis- 
tomidae.  Looss  does  not  think  that  there  was  any  necessity  for  such 
a  sweeping  change  and  would  adhere  to  the  name  Amphistomum,  and 
in  this  no  doubt  a  great  number  of  investigators  will  agree,  although 
a  considerable  number,  including  many  of  those  who  think  Amphis- 
tomum proper  on  account  of  long  use  would  rather  see  the  original 
name  Strigea  adhered  to.  In  all  up  to  1889  von  Linstow  records 
twenty-eight  species  as  being  found  by  six  investigators  of  whom 
Diesing  described  thirteen  species  and  Cobbold  six.  These  were  gen- 
erally found  in  the  herbivora  as  the  elephant,  rhinoceros,  horse,  buf- 
falo, deer,  etc.  Since  then  many  forms  have  been  found  in  birds, 
especially  in  the  hawk  and  owl  families.  Only  one  Cephalopod,  the 
squid,  has  been  credited  with  being  the  host  of  an  Amphistomum, 
namely  A.  loligiuis.  Only  two  species  of  turtles  so  far  as  known  have 
harbored  this  worm,  viz.  Cliclonia  m\das.  the  green  turtle,  and  Che- 
Ionia  imhricata,  the  hawksbill  turtle.  The  former  is  credited  with  two 
species  thus  far — A.  sclcropormn,  Creplin  and  A.  spinulosum.  Looss. 
Creplin  found  it  first  in  1844,  Braun  mentions  it  in  1893  and  1899, 
also  again  in  1901.  Looss  in  1901  describes  C.  mvdas  as  being  the 
host  of  A.  spinulosum.  It  was  found  in  the  colon  of  a  green  turtle  on 
the  Egyptian  coast  near  Alexandria.  In  1902  he  mentions  it  again 
as  being  found  in  C.  mydas.  Shipley  described  it  in  1905  as  found 
in  C.  mydas. 

On  January  31,  1914,  while  making  an  autopsy  on  a  very  large 
C.  mydas  at  the  New  York  Aquarium  an  Amphistomum  was  found 
in  the  intestines.  It  was  a  solitary  specimen,  yellowish  in  color,  thick 
and  firm  in  structure  and  measured  when  fresh  10  mm.  in  length  by 
5  mm.  in  width.  As  this  species  of  worm  is  not  so  frequently  found 
in  amphibians  as  in  animals  and  birds,  I  therefore  record  its  occur- 
rence and  describe  it  very  briefly.   (Fig.  13.) 
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The  worm  is  oval  and  thick  with  skin  smooth  and  miarmed.  there- 
fore I  conclude  that  it  is  not  .1.  spiniilosum;  in  this  it  is  very  dilterent 
except  that  it  possibly  might  be  that  Looss  each  time  had  a  young 
worm  to  describe,  so  also  Shipley,  while  mine  may  have  been  a  very 
old  specimen  which  had  lost  its  spines  as  is  not  unusual  with  some 
of  these  worms.  As  to  its  identity  with  Creplin's  .4.  sclcro['onim,  I  do 
not  find  that  it  resembles  it  at  all,  although  evidently  belonging  to  the 
same  family.  The  most  striking  features  of  P.  [^apillostoiuiim  are  its 
mouth  and  posterior  sucker.  The  opening  of  the  mouth  is  terminal 
and  somewhat  oval,  and  measures  o.6o  mm.  from  side  to  side.  The 
lips  or  margin  present  a  number  of  slight  or  short  papillae  or  rod- 
shaped  projections  which,  parallel  to  one  another,  entirely  surround 
the  opening.  They  measure  in  length  0.02  mm.  Internally  the  mouth 
opens  at  once  into  a  large  globular  bowl-shaped  structure,  occupying 
the  whole  anterior  end  of  the  worm,  and  in  this  differing  from  many 
worms  of  the  genus  which  have  long  lateral  suckers  or  ceca.  At  the 
lower  edge  of  this  and  partly  within  it  is  the  pharynx.  The  whole  giv- 
ing the  impression  that  the  sucking  apparatus  is  very  powerful.  The 
pharynx  is  somewhat  round.  There  is  no  pre-pharyngeal  oesophagus, 
but  the  post-pharyngeal  oesophagus  is  relatively  long,  being  i  mm.  in 
length  before  it  divides  into  the  cecal  rami.  These  latter  proceed  pos- 
teriorly almost  to  the  caudal  sucker,  and  although  much  lobulated,  do 
not  give  off  any  branches.  In  the  middle  of  the  angle  where  the  ceca 
separate  is  seen  the  genital  pore  at  which  the  mouth  or  anterior  end 
of  the  uterus  and  cirrus  appear,  coming  in  different  directions  from 
behind  the  large  testes.  On  account  of  the  testes  covering  in  the  vas 
deferens  and  cirrus  to  so  great  an  extent — that  is,  when  viewing  the 
worm  from  the  ventral  aspect — the  exact  structure  of  the  cirrus  can- 
not be  made  out,  nor  does  the  metraterm  appear.  The  testes,  which 
are  two,  large  more  or  less  square  blocks,  occupying  fully  half  the 
width  of  the  body  and  filling  the  whole  space  between  the  ceca  in  that 
region,  are  placed  almost  immediately  behind  the  genital  pore  and 
almost  in  contact  with  one  another. 

The  ovary  is  roundish,  fairly  large  and  situated  on  the  left  side 
somewhat,  and  at  the  junction  of  the  anterior  two-thirds  of  the  body 
with  the  posterior  third,  and  here,  too.  is  the  genital  junction  where 
the  vitelline  ducts  join  the  oviduct  and  near  which  the  shell  gland  is 
situated.  The  uterus  coils  several  times  from  side  to  side  across  the 
middle  of  the  body  and  is  well  filled  with  eggs  which  are  round  and 
yellowish  in  color  and  measure  0.02  mm.  in  diameter.  No  seminal 
reservoir  is  seen.  In  the  centre  of  the  body  towards  its  caudal  sucker 
is  a  large  opening,  the  excretory  pore,  but  the  water  vascular  system 
is  not  much  in  evidence  although,  of  course,  present.  The  vitellaria 
occur  in  large  rounded  masses  and  they  occupy,  in  a  scattered  way, 
both  sides  of  the  body  throughout  its  posterior  half.  A  very  striking 
feature  is  the  caudal  sucker  which  is  sub-terminal.  It  is  pyriform  in 
shape,  base  anteriorly,  large  and  exceedingly  muscular.     The  opening 
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in  it  is  also  quite  pyriform  in  shape,  the  small  end  being  posterior. 
This  is  apparently  the  sole  means  of  adhesion  to  its  host. 

As  far  as  I  can  make  out  P.  papillostommn  does  not  quite  fit  into 
the  description  given  of  either  A.  spiniilosum  (Looss)  or  A.  sclero- 
poruiii  (Creplin).  The  size  of  A.  spimilosum'  is  gi\-en  as  5  to  5.6 
mm.  in  length,  about  half  the  length  of  P.  papillostommn.  The  con- 
formation of  the  internal  organs  does  not  correspond  nor  is  the  skin 
at  all  like  it  since  there  is  not  a  spine  to  be  found  on  it,  neither  are 
the  circular  rugae  or  papillae  seen  described  as  the  base  of  these  spines, 
nor  are  there  any  spines  about  the  mouth.  In  the  present  worm  the 
skin  is  perfectly  smooth,  although  somewhat  wrinkled,  but  there  are 
no  signs  of  papillae.  If  it  be  said  that  young  worms  often  show  spic- 
ules on  the  skin  which  later  they  lose,  that  probably  would  not  apply 
to  the  circular  rugae  or  the  papillae  which  support  the  spicules.  The 
skin  is  traversed  from  end  to  end  by  fine  striae,  which  give  it  the 
appearance  of  having  been  sectioned  by  a  knife  with  a  very  imperfect 
or  finely  notched  edge.  This  is  evidently  owing  to  the  muscular  fibres 
in  the  skin  and  anteriorly  cross  fibres  show.  The  mouth  is  very  dififer- 
ent,  being  surrounded  by  a  row  of  very  regular  small  papillae  placed 
side  by  side,  forming  the  lips,  and  no  doubt  they  answer  the  purpose  of 
feelers  as  well  as  assisting  in  the  process  of  sucking.  The  same  objec- 
tions would  be  called  up  in  considering  the  resemblance  to  A.  sclero- 
poruui.  The  general  appearance,  the  subterminal  mouth,  the  round 
caudal  sucker  and  narrow  slit-like  opening,  not  to  speak  of  the  internal 
conformation  of  the  organs.  As  there  have  been  so  many  species 
described,  I  feel  very  reluctant  to  add  to  their  number,  and  yet  there 
does  not  seem  to  be  any  proper  form  hitherto  described  in  which  as 
a  species  it  could  associate  or  be  classed. 


Measurements  of  Paramphistonuiin  papillostommn,  nov.  sp. 

Length     10.00  mm. 

Width    5.00  mm. 

Length  of  caudal  sucker   2.20  mm. 

Width  of  caudal  sucker    2.00  mm. 

Length  of  opening  in  caudal  sucker  ....  1.40  mm. 

Width  at  base  of  caudal  sucker 1.20  mm. 

Mouth  from  side  to  side 0.60  mm. 

Length  of  papillae  of  lips  at  mouth   ....  0.02  mm. 

Testes  length    2.00  mm. 

Testes   width    i.oo  mm. 

Eggs,   diameter    0.02  mm. 

Length  of  oesophagus   i.oo  mm. 
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Distomitm  inacrorhiiiis,  now  sp. 
(Fig.    14) 

During  the  examination  of  an  elephant  seal,  Macrorliinus  angus- 
tirostris,  on  February  29,  1912,  at  the  New  York  Aquarium,  there 
were  found  a  large  number  of  little  distomes  in  the  intestine.  They 
were  not  restricted  for  room  for  the  intestine  was  twenty-three  and 
a  half  metres  in  length  and  the  only  other  inhabitants  of  this  tract 
were  a  few  ascarides.    These  were  from  35  to  50  mm.  in  length. 

The  little  distomes  are  1.40  x  0.40  mm.  and  the  anatomy  is  ex- 
ceedingly simple.  The  anterior  sucker  is  subterminal  and  occupies 
almost  the  entire  anterior  end.  Leading  from  this  is  a  short  pre- 
pharyngeal  oesophagus.  The  pharynx  is  not  large  nor  is  there  any- 
thing peculiar  about  its  structure,  it  ends  in  a  postpharyngeal  oeso- 
phagus which  is  very  long,  being  at  least  eight  times  as  long  as  the 
portion  in  front  of  the  pharynx.  At  about  a  fifth  of  the  length  of 
the  worm  it  divides  into  the  ceca  which  extend  to  near  the  middle  of 
the  worm  before  they  become  hidden  by  the  vitellaria,  after  which 
they  cannot  be  followed  but  probably  extend  to  nearly  the  posterior 
end.  There  is  plainly  visible  beginning  at  each  side  of  the  anterior 
sucker  a  water  vascular  tube  which  extends  also  along  the  sides  of 
the  body  to  be  lost  under  the  \  itellaria,  but  to  terminate  in  the  large 
excretory  pore. 

The  genital  organs  are  situated  mainly  towards  the  extreme  pos- 
terior region.  The  female  genitalia  consist,  as  usual,  of  an  ovary 
which  in  this  case  is  an  irregularly  elongated  structure  which  gives 
otT  the  oviduct  at  about  the  middle  of  the  body  in  the  posterior  third 
and  this  almost  at  once  receives  the  duct  from  the  seminal  reservoir 
and  the  vitelline  duct,  and  these,  with  the  shell  gland,  form  the  genital 
junction.  The  uterus  from  near  here  winds  in  tubular  folds  loaded 
with  eggs  across  from  side  to  side  several  times,  and  finally  terminates 
in  the  genital  pore  situated  at  the  anterior  edge  of  the  acetabulum. 
Eggs  measure  0.015.  The  vitellaria  are  very  plentiful  and  extend 
from  a  short  distance  in  front  of  the  acetabulum  and  fills  in  most  of 
the  posterior  two-thirds  of  the  worm. 

The  male  genitalia  consist  of  two  triangular-shaped  testes  situated 
very  near  the  posterior  end  of  the  body  cavity.  They  are  relatively 
large  and  each  gives  off  a  vas  which  join  to  form  the  vas  deferens 
which  almost  at  once  widens  into  a  fairly  large  vesicula  seminalis. 
From  this  the  vas  deferens  ends  in  the  cirrus  at  the  genital  pore. 

The  skin  of  the  worm  is  not  smooth,  being  thrown  into  wrinkles, 
but  it  is  unarmed.  The  acetabulum  is  very  large  compared  with  the 
luouth  sucker,  being  probably  four  times  as  large.  It  is  situated  a 
little  posterior  to  the  middle  of  the  worm.  Other  than  the  oesophagus 
and  the  water  vascular  tubes  which  are  somewhat  branched  almost 
the  whole  anterior  half  of  the  body  is  unoccupied  with  any  important 
structures,  except  part  of  the  alimentary  canal  and  the  water  vascular 
system. 
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Monostomum  [>omacaiithi,  nov.  sp. 

(Fig--   15) 

On  May  29,  191 5,  \vliile  examining  a  large  French  angel  fish — 
Pomacanthus  paru,  from  the  New  York  Aquarium — there  was  found 
a  number  of  Monostoma  in  the  intestines.  They  are  about  4  mm. 
long  by  1.02  wide,  are  elongated,  quite  pointed  at  the  head  and 
rounded  at  the  posterior  end.  The  most  prominent  feature  of  the 
body,  even  as  seen  with  the  naked  eye,  is  the  peculiar  clasping 
muscular  flap  on  each  side  anteriorly,  apparently  intended  by  nature 
to  assist  the  worm  in  keeping  itself  in  position,  or  possibly  in 
conjugation,  as  in  the  case  of  Bilharcia  hematobiuin.  The  muscular 
fibers  are  very  distinct,  and  interlace  in  all  directions,  concen- 
trating at  the  point  of  the  flap.  The  mouth  is  large  and  apparently 
strong.  The  oesophagus  is  indistinctly  defined  and  extends  one-eighth 
the  length  of  the  worm  before  it  divides  into  the  ceca.  No  pharynx 
is  seen.  The  muscular  flaps  start  on  each  side  well  forward  in  the 
neck,  and  almost  at  once  widen  so  as  nearly  to  meet  in  the  centre  of 
the  body,  then  they  gradually  slope  away,  disappearing  at  each  side 
at  a  point  nearly  one-half  the  length  of  the  worm.  In  this  enclosed 
space  the  oesophagus  and  ceca  lay,  and  in  its  posterior  area  is  the 
genital  pore,  where  the  uterus  and  cirrus  terminate.  The  uterus  is 
voluminous,  and  filled  with  oval  eggs  which  each  have  a  long  chitinous 
filament  attached  to  either  pole.  The  uterus  is  provided  with  a  strong 
metraterm  near  the  genital  pore.  The  vas  deferens  after  passing  be- 
hind the  folds  of  the  uterus  appears  anteriorly  to  them  in  a  relatively 
large  cirrus  sac,  this  coils  towards  the  genital  pore,  which  is  near  the 
side  of  the  worm.  The  pars  prostatica  is  well  developed,  and  the  whole 
sac  is  well  supplied  with  muscular  tissue. 

The  testes  are  two  in  number  situated  almost  at  the  extreme  pos- 
terior end  of  the  body,  one  on  each  side.  They  are  much  larger  than 
the  ovary,  which  lies  in  front  of  and  between  them,  and  here  also  is 
the  genital  junction.  The  vitellaria  is  distributed  in  the  form  of  two 
large  lobulated  masses  at  the  sides  in  front  of  the  testes,  althovigh  in 
some  specimens  masses  may  be  seen  along  the  sides  of  the  body  else- 
where, but  generally  the  vitellaria  are  as  described  in  front  of  the 
testes.  The  water  vascular  system  drains  the  Ijody  from  the  head  and 
terminates  in  a  large  oblong  opening  very  near  the  posterior  end  of 
the  body.  The  nervous  system  is  not  very  evident.  A  lateral  view 
of  the  worm  shows  it  with  rounded  shoulders,  and  the  flaps  extending 
in  front,  almost  like  two  short  arms. 

Measurements  of  Monostomum  pomacantlii.  nov.  sp. 

Length 6.00     mm 

\\'idth    2.00     mm. 

Mouth    025  mm. 

Body  across  claspers T.04     mm. 
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Microcotylc  angcliclith\s  toivnscndi,  nov.  sp. 

(Fig.  i6) 

This  worm,  like  the  rest  of  the  genus,  inhabits  the  gills  of  its  host 
which  in  this  case  was  the  yellow-tailed  angel  fish,  Angclichthys  tozvn- 
sendi.  It  is  small,  being  only  3.05  mm.  long  and  0.20  mm.  wide.  It 
has  a  short  almost  straight  sucker  disc,  coming  to  a  sharp  point  which 
to  the  naked  eye  gives  the  worm  the  appearance  of  being  sharp  at  both 
ends  and  the  whole  body  but  slightly  bent  still  fairly  thick.  Only 
about  twenty  specimens  were  washed  "from  the  gills  in  the  case  exam- 
ined. The  fish  was  small,  being  only  six  inches  bv  three  inches,  yet 
the  worms  were  hardly  in  sufficient  numbers  to  cause  death.  The  head 
is  roughly  triangular,  at  least  the  most  anterior  portion  is  prolonged 
to  almost  a  point,  and  this  is  provided  with  three  tactile  areas.  The 
mouth  suckers  are  round  cuplike  and  appear  very  muscular.  They 
are  somewhat  peculiar  and  quite  different  from  those  of  most  mem- 
bers of  this  genus.  The  two  suckers  are  placed  obliquely  in  the  throat, 
and  slanting  from  before  downwards  and  backwards,  each  sucker 
seems  to  be  divided  in  two  by  a  slight  band,  and  they  are  otherwise 
marked  by  striae,  proliably  muscular,  which  run  from  the  centre  to 
the  edge  of  the  cuplike  sucker.  Anterior  to  these  suckers  in  the  centre 
of  the  mouth  the  edge  is  prolonged  into  a  sort  of  proboscis  and  used 
probably  to  hold  firmly  the  gill  filament  upon  which  it  is  feeding.  On 
each  side  of  this  proboscis  is  another  small  sucker  which  probablv  has 
the  same  function  as  the  proboscis.  Behind  these  the  pharynx  is  very 
near  and  is  also  round.  More  posteriorly  still  is  the  genital  pore  or 
atrium  which  differs  distinctly  from  that  of  any  of  the  other  members 
of  the  genus  and  is  the  peculiarity  of  this  species.  The  atrium  is  di- 
vided into  two  openings,  the  posterior  one  being  that  for  the  cirrus 
which  is  generally  seen  protruding  a  short  distance  over  the  edge.  It 
is  surrounded  by  hair-like  spicules,  and  this  opening  is  separated  from 
the  uterine  opening  superficially  by  a  narrow  band  of  spicules,  while 
it  can  also  be  seen  that  the  openings  are  separated  by  a  membrane. 

The  uterine  opening  is  profusely  surrounded  by  long  hair-like 
spicules  especially  in  front  or  anterior  to  the  p)ore ;  here  the  armature 
is  in  a  wide  dense  mass.  The  whole  genital  outlet  occupies  almost  the 
whole  width  of  the  worm,  indeed  the  body  is  distinctly  widened  at 
this  part  to  accommodate  these  structures. 

The  uterus  and  vas  deferens  proceed  anteriorly  side  by  side  along 
the  middle  of  the  worm  until  they  reach  near  to  the  atrium,  the  uterus 
generally  lying  along  the  left  side  of  the  vas  throughout  its  course, 
but  here  it  becomes  more  superficial  ventrally  and  curls  over  the  cirrus 
pouch  to  the  right  to  make  its  way  to  the  uterine  outlet. 

The  vagina  opens  dorsally  and  centrally  at  a  point  nearly  one- 
third  the  length  of  the  worm  from  the  head.  It  is  relatively  large  and 
soon  divides  into  two  ducts  to  join  the  vitelline  ducts  or  reservoir. 
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The  ovary  is  placed  posterior  to  the  middle  of  the  body  and  is 
loosely  distributed  in  the  shape  of  a  horse-shoe.  The  looseness  of  the 
structure  is  not  due  to  postmortem  pressure,  as  great  care  was  taken 
to  prevent  that.  Generally  as  the  worm  lies  on  its  back  the  end  of  the 
ovary  on  the  right  side  gives  off  the  oviduct  which  in  a  winding  way 
proceeds  posteriorly  and  over  to  the  left  side,  enclosing  in  its  folds 
the  seminal  reservoir  and  proceeding  to  the  shell  gland  which  is  always 
in  this  worm  particularly  prominent  and  highly  stained.  On  passing 
to  the  shell  gland  it  receives  the  duct  from  the  seminal  reservoir  and 
also  the  yolk  ducts.  On  passing  through  the  shell  gland  it  curves  an- 
teriorly and  proceeds  along  the  middle  of  the  worm  to  the  atrium. 

The  vitellaria  are  unusually  profuse  extending  along  each  side 
from  almost  opposite  to  the  mouth  to  the  disc  posteriorly. 

The  testes,  about  twenty-six  in  number,  are  fairly  large  and  of 
a  roundish  shape  and  extend  from  near  the  disc  nearly  up  to  the  ovary. 

On  each  side  of  the  body  and  between  the  vitellaria  and  the  inter- 
nal organs  along  the  middle  of  the  body  are  two  lines  distinctly  free 
of  vitellaria,  making  a  stripe  along  almost  the  whole  length  of  the  body. 
These  lines  are  plainly  traceable  into  the  sucker  disc  and  are  no  doubt 
the  site  of  the  water  vascular  system,  although  no  vessels  could  be 
seen.  The  disc  is  distinctly  foot-like  in  an  extended  position,  but  is 
very  often  held  in  a  perfectly  straight  position.  It  is  short  and  sup- 
ports about  fifty-six  clasps  or  suckers.  These  are  slightly  different  in 
shape  from  those  in  other  species,  being  wider  in  their  grasp  and  not 
so  deep,  although  their  chitinous  structure  is  much  the  same. 

Measurements  of  Microcotylr  angclichthys  tu'vnscndi. 

Length   ." 3.05  mm. 

Width    15  mm. 

Disc  length 20  mm. 
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A    STUDY   OF   THE    INVOLUTIONAL    CHANGES    WHICH    OCCUR 
IN    THE    ADRENAL    CORTEX    DURING    INFANCY.* 

R.  W.  Lewis,  ^LD.,  and  A.M.  Pappenheimer,  M.D. 

{From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons 

Columbia  University,  and  Jrom  the  Department  of  Pathology  of  the 

New  York  Nursery  and  Child's  Hospital.') 

The  extraordinar)-  degenerative  changes  which  occur  in 
the  adrenal  corte.x  during  the  earliest  period  of  infancy  have 
attracted  surprisingly  little  attention  since  their  first  descrip- 
tion by  Thomas^  in  191 1.  Indeed,  not  much  of  importance 
has  been  added  to  his  observations,  and  their  significance 
remains  entirely  obscure. 

Thomas  '  discovered  the  fact,  curiously  overlooked  or  misinterpreted 
up  to  tiiat  time,  that  during  the  first  year  of  life  there  regularly  takes 
place  a  complete  degeneration  of  the  inner  zone  of  the  cortex  He  de- 
scribes, as  examples  of  this  process,  the  adrenals  of  four  infants  aged  one, 
three,  six,  and  twelve  months  respectively.  In  the  child  of  one  month, 
the  cells  of  the  inner  zone  of  the  cortex  were  found  in  all  stages  of  nuclear 
and  protoplasmic  degeneration.  There  was  great  vascularitj'of  the  tissue, 
with  some  extravasation  of  blood.  In  the  second  case  (2  months),  the 
superficial  portion  of  the  cortex  was  unchanged ;  the  deeper  portion 
showed  even  more  advanced  degeneration  of  the  cells ;  in  some  areas, 
especially  where  the  growing  medullary  tissue  lay  in  the  vicinity  of  the 
intact  cortex,  the  tissue  was  composed  wholly -of  lamellse  of  fibrous  tissue, 
with  cell  detritus  in  its  meshes.  In  the  third  case  (6  months),  the 
degenerated  zone  contained  few  intact  cells  and  was  represented  by 
closely  packed  layers  of  connective  tissue.  The  medulla  was  noticeably 
increased  in  amount.  In  the  fourth  case  (12  months),  a  narrow  strip  of 
vascular  connective  tissue  separating  the  broad  medulla  from  the  intact 
cortex,  occupied  the  original  place  of  the  degenerated  zone.  Between  the 
fibrils  it  was  still  possible  to  find  cell  detritus,  and  in  places  intact  red 
cells  and  free  pigment. 

The  interpretation  which  Thomas  places  upon  this  process  is  that 
the  cortex  degenerates  to  make  room  for  the  growing  medulla,  which  is 
able  to  encroach  upon  the  cortical  tissue  only  because  it  is  partially 
degenerated  and  non-resistant.  As  to  the  influence  of  the  intense  hyper- 
emia always  found  at  birth  in  the  inner  cortical  zone  upon  this  degenera- 
tion, no  conclusions  could  be  drawn.  It  seemed,  hawever,  that  the 
small  hemorrhages  which  occur  regularly  at  birth  might  exert  a  harmful 

♦  Received  for  publication  Jan.  12,  1916. 
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influence  upon  the  cortical  cells,  since  these  undergo  pigmentary  degen- 
eration after  engulfing  the  red  corpuscles. 

No  normal  cases  were  studied.  Nevertheless,  it  was  thought  to  be 
extremely  unlikely  that  the  cortical  changes  depended  upon  general  dis- 
ease processes  because  of  the  fact  that  identical  changes  were  associated 
with  such  widely  different  diseases  as  lues,  diphtheria,  marasmus,  sepsis, 
etc. 

Elliott  and  Armour,'  independently  of  Thomas'  observations,  only  a  few 
months  later  described  similar  alterations  in  the  adrenal  corte.x  of  infants 
after  birth.  To  quote  the  summary  of  their  findings:  "The  large  size 
of  the  human  suprarenal  gland  during  fetal  life  is  due  to  a  peculiar  hyper- 
trophy of  the  cortex  which  commences  early  and  continues  until  birth. 
The  inner  hypertrophied  mass  is  richly  supplied  with  blood  vessels ;  but  it 
does  not  store  in  its  cells  the  characteristic  doubly  refracting  substance, 
which  is  a  chief  secretion  product  of  the  cortex.  Immediately  after  birth, 
the  inner  mass  of  hypertrophied  cells  degenerated,  undergoing  fatty 
change  ;  and  at  the  end  of  the  first  year  all  trace  of  it  has  disappeared. 
Hemorrhages  occur  readily  in  this  degeneration  zone,  which  in  consequence 
has  been  wrongly  depicted  in  some  text-books  as  medulla  damaged  by 
hemorrhage.  Enveloping  the  mass  is  a  rim  of  smaller  cells  that  early  in 
fetal  life  assume  the  appearance  of  the  cells  of  the  adult  cortex  and  store 
up  fatty  substance.  These  develop  steadily  and  alone  form  the  adult 
cortex." 

Kern,^  almost  coincidently  with  the  appearance  of  the  paper  by  Elliott 
and  Armour,  published  a  somewhat  more  detailed  description  of  the  same 
process.  He  divided  the  degenerative  changes  into  four  stages.  The 
first  stage,  that  of  hyperemia,  is  that  found  in  the  new-born.  The  great 
filling  of  the  capillaries  loosens  the  columnar  alignment  of  the  cortical  cells 
and  produces  displacements  and  compressions.  Very  early  degenerative 
changes  are  evident  in  the  shrinkage  of  some  of  the  nuclei,  and  in  the 
appearance  of  colloid  droplets  in  the  cytoplasm. 

The  second  stage,  that  of  completely  established  degeneration,  is  seen 
in  the  adrenals  at  the  end  of  the  first  month,  and  lasts  for  a  variable 
period  reaching  towards  the  end  of  the  first  year.  The  degenerating  zone 
is  sharply  marked  out  from  the  intact  superficial  cortex,  as  well  as  from 
the  medullary  tissue.  The  degenerative  changes  are  shown  in  the  appear- 
ance of  large  fat  droplets,  colloid  globules,  and,  in  some  cells,  of  peculiar 
fibrillary  changes  in  the  protoplasm,  which  he  believed  to  indicate  a 
production  of  connective  tissue  fibrils.  The  degenerating  cells  frequently 
appear  as  if  flattened  out,  and  come  to  lie  with  their  long  diameter  parallel 
to  the  surface.  Other  features  are  phagocytosis  of  red  blood  cells,  and 
thickening  of  the  reticulum  between  the  disintegrating  cortical  cells. 

The  third  phase,  that  of  the  formation  of  a  definite  fibrous  capsule 
about  the  medullary  tissue,  is  usually  completed  at  the  end  of  the  first 
year.  The  progressive  disappearance  of  the  degenerating  cells,  the 
diminishing  hyperemia,  and  the  real  or  apparent  increase  of  the  connec- 
tive tissue  scaffolding  are  the  characteristic  features  of  this  stage.     The 
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connective  tissue,  in  the  meshes  of  which  are  still  found  degenerating 
and  pigmented  cortical  cells,  is  definitely  arranged  in  the  long  axis  of  the 
gland. 

The  final  phase  of  the  process  stretches  from  about  the  end  of  the  first 
year  to  the  completion  of  growth.  The  strip  of  connective  tissue,  which 
separates  intact  cortex  from  medulla,  becomes  progressively  narrowed  by 
the  growing  medullary  tissue,  and  remains  permanently  only  where  the 
two  layers  of  cortex  are  face  to  face. 

Kern  is  certain  that  these  changes  are  physiological  and  in  no  wise 
dependent  upon  pathological  influences.  He  has,  however,  no  explana- 
tion to  offer  as  to  their  significance.  Studies  of  the  adrenals  of  guinea- 
pigs,  rabbits,  calves,  oxen,  pigs,  sheep,  rats,  and  horses  failed  to  show 
post-natal  involutional  changes  such  as  are  seen  in  the  human  adrenal. 
Dewitzky  has  also  been  unable  to  detect  similar  changes  in  the  adrenals 
of  animals. 

The  foregoing  citations,  together  with  brief  references  in 
some  of  the  newer  text-books,  such  as  that  of  Briining  and 
Schwalbe,*  comprise  practically  all  that  is  known  of  this 
striking  phenomenon.  It  seemed  of  interest,  therefore,  to 
follow  somewhat  more  closely  and  in  a  larger  series  of  cases 
than  has  hitherto  been  studied  the  sequence  of  changes;  to 
determine  the  range  of  individual  variation  at  different  ages; 
and  to  see  whether  these  variations  could  be  correlated  with 
pathological  factors  such  as  inanition  or  infection.  Like  the 
previous  workers,  we  have  lacked  normal  control  material, 
which  is  obviously  difficult  to  procure -at  that  age. 

Methods  and  material.  —  Our  study  is  based  upon  the 
adrenals  of  a  hundred  unselecled  cases,  ranging  in  age  from 
the  fifth  month  of  fetal  life  up  to  three  years.  As  we  were 
concerned  less  with  the  minute  histological  changes  than 
with  the  general  phases  of  the  involutional  process,  routine 
autopsy  sections  of  material  fixed  in  Zenker's  fluid  and 
stained  with  hematoxylin-eosin  amply  met  the  purposes  of 
our  study. 

From  each  section  a  diagram  was  drawn  with  the  Edinger 
projectoscope  at  a  constant  magnification  of  about  nine  diam- 
eters. This  diagram  indicates  (i)  the  intact  cortical  zone; 
(ii)  the  zone  of  degenerating  cortical  tissue;  (iii)  the 
fibrous    zone    of   replacement;     (iv)    the    glomerular    zone. 
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which  under  the  power  employed  could  be  differentiated 
only  in  the  adrenal  of  the  new-born  ;  (v)  the  medullary 
tissue.  These  different  components  are  represented  in  the 
diagrams  as  follows:  Intact  cortex  —  unshaded;  degenerat- 
ing zone  —  cross-hatched.  Where  the  degeneration  zone  is 
partially  replaced  by  fibrous  tissue,  the  cross-hatched  area  is 
enclosed  by  a  broken  line.  When  the  degeneration  is  more 
advanced,  so  that  the  fibrous  replacement  is  practically  com- 
plete, the  cross-hatched  area  is  surrounded  by  a  continuous 
line.  Medullary  tissue  is  indicated  by  solid  black,  the 
glomerular  zone  by  stippling. 

Measurements  of  the  intact  cortex  and  of  the  inner  zones 
were  made  directly  from  drawings.  To  compensate  for 
inequalities  at  different  levels,  an  average  of  twelve  measure- 
ments of  each  zone  was  taken  for  charting.  The  curves, 
with  the  ordinate  indicating  average  width  and  the  abscissa 
the  age,  are  based  on  these  measurements. 

Several  sources  of  error  suggest  themselves,  which  may 
perhaps  detract  from  the  value  of  this  method.  Measure- 
ments made  from  blocks  cut  obliquely  through  the  gland 
may  give  too  high  figures.  Edema  likewise  is  a  disturbing 
factor,  but  only  in  the  glands  of  macerated  still-births.  In  a 
certain  percentage  of  the  cases  the  age  could  be  only 
approximately  determined,  since  the  subjects  were  found- 
lings. A  further  source  of  possible  error  lay  in  the  difficulty 
in  differentiating  sharply  the  different  zones,  especially  under 
the  low  magnification  used  ;  although  in  doubtful  cases  the 
drawings  were  controlled  by  study  with  the  high  power. 

In  spite  of  these  possible  objections  which  make  the 
method  rather  a  rough  one,  the  data  obtained  probably 
afford  a  fairly  satisfactory  graphic  record  of  the  changes  as 
they  occur  at  different  ages.  The  number  of  cases  studied 
seems  sufficiently  large  to  overcome  variations  due  to  techni- 
cal defects  in  the  method. 

We  have  purposely  omitted  reference  to  the  medullary 
changes,  since  serial  sections  would  be  required  to  obtain  an 
adequate  idea  of  the  amount  and  distribution  of  the  medul- 
lary tissue.     The  medulla  in  the  infant's  adrenal  is  restricted 
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to  a  relatively  small  area,  so  that  it  does  not  appear  at  all  in 
some  of  the  sections  studied. 

General  discussion.  —  The  general  course  of  the  involu- 
tionary  process  is  illustrated  in  Figures  i  to  6.  With  minor 
differences  we  have  found  the  histological  changes  to  take 
place  very  much  as  they  have  been  pictured  by  Thomas  and 
Kern,  so  that  a  detailed  description  seems  superfluous.  As 
is  evident  from  the  diagrams,  and  still  more  strikingly  from 
the  chart,  there  occurs  within  the  first  two  weeks  an  extraordi- 
nary reduction  in  the  width  of  the  intact  cortex.  Even  dur- 
ing the  first  few  days,  degenerative  changes  in  individual 
cells  may  be  found  under  the  microscope,  but  a  massive 
degeneration  of  the  inner  zone  and  its  definite  sequestration 
from  the  healthy  outer  tissue  does  not  become  manifest  until 
the  second  week. 

From  this  time  on,  up  to  the  age  of  three  years,  where 
our  observations  cease,  there  is  no  appreciable  increase  or 
diminution  in  the  breadth  of  the  intact  cortex. 

The  zone  of  degenerating  tissue  for  the  first  few  weeks 
varies  inversely  with  the  width  of  the  intact  cortex.  After 
the  fifth  or  sixth  week  the  area  occupied  by  the  degenerating 
cells  rapidly  decreases  ;  and  with  the  removal  of  the  cells 
and  the  collapse  of  the  framework,  the  fibrous  zone  becomes 
clearly  defined.  From  this  time  on  there  is  a  shrinkage  of 
the  fibrous  zone,  which  after  the  fourth  month  progresses 
with  extreme  slowness.  Neither  our  drawings  nor  our 
measurements  indicate  that  there  is  developed  a  new-formed 
connective  tissue  capsule  about  the  medulla,  as  Kern  main- 
tains. The  shrinkage,  on  the  other  hand,  may  be  accounted 
for  by  the  diminishing  vascularity,  the  more  complete  removal 
of  the  degenerating  cells,  and  the  progressive  aging  of  the 
fibrillar  stroma,  and  possibly  by  its  compression  by  the 
growing  medulla. 

Individual  variations.  —  The  variations  which  we  have 
observed  fall  into  two  groups  :  those  in  which  measurement 
of  the  cortex  shows  a  marked  departure   from  the  average, 
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but  in  which  the  stage  of  involution  is  appropriate  for  the 
age;  and  those  in  which  in\'olution  is  either  hastened  or 
retarded  as  compared  with  other  glands  of  the  same  age. 

The  first  type  of  variation  is  illustrated  in  Figures  7  and 
8,  representing  glands  from  infants  of  approximately  identi- 
cal age,  namely,  one  month  and  twenty-two  daj's  and  two 
months  and  six  days,  respectively.  The  smaller  gland  was 
taken  from  the  slightly  smaller  infant,  the  difference  in  length 
being  four  centimeters.  It  does  not  seem  as  if  this  marked 
variation  could  be  correlated  with  the  difference  in  the  size 
of  the  infants.     Both  children  were  poorly  nourished. 

More  frequently  encountered  were  variations  in  develop- 
ment at  a  given  age,  and  with  this,  often  but  not  always, 
variations  in  the  width  of  the  intact  corte.x  and  of  the  inner 
zone.  This  tj'pe  of  variation  is  well  shown  by  comparing 
Figures  9  and  10.  The  glands  were  taken  from  infants  of 
the  same  age,  eight  and  one-half  months,  each  much  emaci- 
ated. Again  the  smaller  gland  was  obtained  from  the  smaller 
infant,  there  being  a  difference  of  four  centimeters  in  length. 
The  smaller  gland,  however,  shows  a  more  advanced  stage 
of  involution,  the  fibrous  capsule  being  completed  as  it 
normally  should  be  at  this  age,  whereas  in  the  other  gland 
the  broad  zone  of  degenerating  tissue  indicates  a  distinct 
retardation  of  involution.  There  is  also  marked  difference 
in  the  width  of  the  intact  cortex. 

Another  striking  instance  of  delayed  involution  is  given  in 
Figure  1 1,  representing  a  gland  from,  an  infant  of  two  months 
and  thirteen  days,  which  may  be  compared  with  Figure  12 
from  an  adrenal  of  the  same  age  (two  months  and  twelve 
days).  Although  the  cortical  measurements  are  almost 
identical,  the  involuting  zone  in  the  first  gland  shows  very 
numerous  partially  degenerated  cells,  with  great  congestion 
of  the  capillaries,  whereas  in  the  normally  involuted  gland 
the  collapse  of  the  tissue  with  the  appearance  of  a  distinct 
fibrous  structure  is  well  under  way. 

Two  of  the  most  striking  examples  of  delayed  involution 
were  in  infants  which  were  definitely  syphilitic.  The  first  of 
these  (Fig.   13),  from   a  well-nourished   baby  of  twenty-five 
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days,  showed  an  intact  cortex  such  as  one  might  expect  to 
find  immediately  after  birth.  The  second,  a  child  of  eleven 
and  one-half  months,  with  a  strongly  positive  Wasserman 
reaction,  but  no  very  definite  syphilitic  lesions  at  autopsy, 
also  show^ed  a  somewhat  delaj'ed  involution,  there  being 
many  isolated  degenerating  cells  still  present  in  the  inner 
cortical  zone. 

Our  material  has  been  insufficient  to  determine  whether 
congenital  syphilis  is  frequently  responsible  for  this  retarda- 
tion of  involution.  In  view  of  the  rSle  which  syphilis  is 
assumed  to  play  in  inhibiting  the  differentiation  of  other 
tissues  such  as  thymus  and  pancreas,  the  possibility  deserves 
further  study. 

In  five  other  cases  the  lesions  found  at  autopsy  threw  no 
light  upon  the  cause  of  the  retarded  involution. 

E.xamples  of  premature  involution  were  less  frequent, 
only  two  of  the  hundred  glands  examined  being  interpreted 
in  this  way.  Figure  14  shows  a  gland  of  a  three  months 
infant  in  which  the  development  of  the  fibrous  zone  is  prac- 
tically completed.  The  usual  condition  is  illustrated  in 
Figure  15,  also  from  a  child  of  three  months.  There 
seemed  no  obvious  reason  for  the  disparity. 

Influence  of  prematurity. — Eight  of  the  glands  were 
from  premature  children.  Although  three  of  these  show 
intact  cortices  which  are  thinner  than  the  average,  one  may 
say  that  involution  in  general  proceeds  normally.  This  is  of 
particular  interest  in  that  the  changes  which  occur  apparently 
depend  upon  the  altered  conditions  of  e.\tra-uterine  life, 
and  seem  not  to  be  correlated  with  the  development  of  any 
other  organ  or  tissue.  Were  there  such  a  correlation,  one 
would  expect  the  involution  of  the  adrenal  to  be  halted  until 
that  organ  had  attained  the  stage  of  development  normally 
reached  at  birth. 

Influence  of  infections.  —  Although  normal  control  cases 
were  lacking,  it  seemed  as  if  some  information  as  to  the 
influence  of  infection  upon  the  involution  could   be  gained 
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by  comparing  the  changes  found  in  cases  of  pneumonia  with 
those  in  wliich  no  evidence  of  general  infection  was  recog- 
nized at  the  autopsy. 

The    data    bearing    upon    this    point    are    summarized    in 
Table  I. 

Table  I. 


Pneumonia 

Cases. 

Non.infectious  Cases. 

Age. 

No.  of 
Cases. 

Average 
Width 
Cortex. 

Averao^e 

Width 

Inner  Zone. 

No.  of 
Cases. 

Aver;ise 
Width 
Cortex. 

Average 

Wiilth 

Inner  Zone. 

1 1  hours  to  5  days  .  .  . 

3 

14.9 

0 

13-9 

0 

2S  days  to  i  month   i 

4.0 
5-2 

3-7 
'•7 

4.0 
3-7 

4-1 
1.8 

2   months  to  2  months 
S  diiys 

2  moTiths  9  days  to   2 
months  13  days  .    .    . 

5.6 

2.S 

3-4 

^.3 

2  months  29  days  to  3 
months  3  days     .    .    . 

4.0 

30 

3-6 

2.2 

7  months  and  6  months 
20  days 

3-9 

0.9 

4-" 

'■4 

S  months  10  days  to  S 
months  17  days  .    .    . 

4.2 

0.8 

2.6 

1.1 

S  months  23  days  to  9 
months 

4.S 

1.9 

3-4 

0.7 

10  months  2S  days  and 
10  montlis  ^g  days 

6.4 

0.6 

4.2 

0.7 

13  months  and   13 
"n.onths  24  days  .    .    . 

S-3 

I.O 

4-9 

0.7 

The  interesting  fact  is  brought  out  that  with  one  exception 
(cases  of  seven  months  and  si.K  months  and  twenty  days) 
the  width  of  the  intact  cortex  in  the  pneumonic  cases  is 
equal  to,  or  more  commonly  in  excess  of,  that  in  the  non- 
infectious cases.  The  cause  of  this  difference  is  not  clear. 
Many  of  the  glands  are  hyperemic  and  a  few  are  edematous, 
but  it  is  not  evident  how  edema  or  hyperemia  can  lead  to  an 
increase  in  the  width  of  the  cortex,  although  they  might 
very  well  cause  lateral  compression  of  the  columns  of  cortical 
cells. 

One  might  indeed  have  expected  the  cortex  in  the  pneu- 
monic cases  to  be  narrower,  because  of  the  marked  depletion 
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of    lipoids  which    is   found    in    pneumonia   (Weltmann/    T. 
Elliott''),  and  the  consequent  shrinkage  of  the  cells. 

Aside  from  this  clear  difference  in  the  width,  no  influence 
of  the  infection  upon  the  process  of  involution  is  manifest. 

Influence  of  nutrition.  —  A  glance  at  Chart  II.,  in  which 
the  glands  from  emaciated  cases  are  compared  with  those  of 
the  well-nourished,  shows  that  inanition  does  not  modify  in 
any  way  the  course  of  the  involutionary  process.  The  two 
curves  overlap  at  various  points,  but  in  general  they  coincide 
within  the  normal  limit  of  variation.  It  does  appear  as  if 
involution  began  somewhat  later  in  the  well-nourished 
infants,  but  this  is  because  the  measurements  include  the 
case  of  the  syphilitic  infant  of  twenty-five  days  described 
above,  in  which  tiiere  was  a  decided  retardation. 

Involution  in  accessory  or  aberrant  cortical  tissue.  —  In 
the  small  encapsulated  masses  of  cortical  tissue  partly 
embedded  in  the  adrenal,  or  lying  in  the  adjacent  fat  and 
connective  tissue,  the  involutional  changes  take  place  as  in 
the  main  gland.  This  is  of  interest  as  indicating  the  effect 
of  some  general  agent  acting  through  the  blood  stream, 
rather  than  of  local  conditions  within  the  gland  itself.  It 
effectually  disproves  the  idea  that"  the  development  of  the 
medullary  tissue  is  directly  responsible  for  the  changes  in 
the  cortex. 

CONCLUSIONS. 

Our  studies,  like  those  of  previous  workers,  give  no  clue 
to  the  inner  significance  of  the  post-natal  degeneration  of 
the  cortex.  They  do,  however,  bring  out  clearly  certain 
features,  which  may  perhaps  be  more  intelligible  when  the 
meaning  of  the  whole  process  is  better  understood. 

(i.)  The  degeneration  is  practically  accomplished  at  the 
end  of  the  second  week;  although  individual  degenerating 
cells  are  found  for  a  long  time,  the  abrupt  fall  in  the  width  of 
the  cortex  during  the  second  week  can  only  mean  that  the 
great  mass  of  cells  is  destroyed  at  that  time. 
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(2.)  There  is  no  regeneration  of  cortical  tissue  during 
the  first  three  years  of  life. 

(3.)  The  fibrous  zone  between  medulla  and  cortex  is 
formed  simply  by  the  collapse  of  the  framework,  and  there 
does  not  appear  to  be  a  new  formation  of  fibrous  tissue. 

(4.)  Individual  cases  may  show  either  acceleration  or 
retardation  of  the  involutionary  process.  For  the  latter, 
syphilis  is  suggested  as  a  possible  cause. 

(5.)  Neither  prematurity  nor  inanition  noticeably  modify 
the  course  of  involution. 

(6.)  Infection,  as  exemplified  by  pneumonia,  seems  to 
be  associated  with  an  increase  in  the  width  of  the  intact 
cortex. 

[Note.  —  Since  this  paper  has  gone  to  press  there  has  reached  us  a 
monograph  by  M.  Landau  (Die  Nebennierenkinde,  Jena,  1915,  G.  Fischer) 
which  includes  a  study  of  eighty-seven  adrenals  of  children  from  birth  up 
to  ten  years  of  age.  The  general  description  of  the  involutional  changes 
coincides  with  that  of  Thomas,  Elliott,  and  Kern,  and  no  relation  to  special 
disease  conditions  or  to  the  development  of  other  ductless  glands  was 
found. 

The  purpose  of  the  cortical  degeneration,  according  to  Landau,  is  to 
increase  the  infolding  or  convolution  of  the  surface,  and.  in  consequence, 
to  enlarge  the  area  of  contact  between  cortex  and  medulla.  Only  general 
arguments  are  advanced  in  support  of  this  view,  and  the  immediate  cause 
of  the  cortical  destruction  in  post-fetal  life  is  left  unexplained.] 
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DESCRIPTION   OF   PLATES   IV.    AND   V. 

—  Still-birth. 

—  Five  days. 

—  Eleven  days. 

—  One  month  and  six  days. 

—  Four  months  and  seventeen  days. 

—  Ten  months  and  twenty-eight  days. 

—  One  month  and  twenty-two  days. 

—  Two  months  and  six  days. 

—  Eight  months  and  sixteen  days. 

—  Eight  months  and  twenty-three  days. 

—  Two  months  and  thirteen  days. 

—  Two  months  and  twelve  days. 

—  Twenty  five  days. 

—  Two  months  and  twenty-nine  days. 

—  Two  months  and  thirty  days. 
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In  1910  Carrel  and  Burrows'  reported  the  successful  cultivation  in  vitro  of  a 
human  sarcoma.  They  used  as  a  culture  medium  plasma  from  the  patient  from 
whom  the  tumor  was  removed,  and  observed  an  active  migration  of  cells  during 
several  days'  incubation.  No  subcultures  were  made.  In  subsequent  attempts 
to  cultivate  human  tissue  Carrel-  experienced  considerable  difficulty  owing  appar- 
ently to  the  liquefaction  of  the  clotted  plasma  medium.  He  noted,  as  did  also 
Lambert  and  Hanes,^  Maccabruni,''  and  others,  that  within  24  hours  a  clear 
liquefaction  zone  appears  around  each  tissue  fragment,  and  that  after  a  few  days 
the  entire  fibrin  clot  becomes  liquefied.  Unless  the  ceUs  wander  out  early  they 
find  no  framework  upon  which  to  grow. 

Losee  and  Ebeling^'  ^  attempted  various  modifications  of  human  plasma  with 
the  object  of  preventing  liquefaction,  but  were  unsuccessful.  However,  by  dilu- 
ting the  plasma  with  Ringer's  solution,  which  seemed  to  delay  digestion,  and  by 
making  transfers  of  the  tissue  fragment  to  fresh  plasma  every  24  to  48  hours,  they 
were  able  in  a  few  instances  to  propagate  human  connective  tissue  cells  obtained 
from  fetuses  through  a  number  of  subcultures,  in  one  case  as  long  as  60  days. 
They  attributed  their  success  in  part  to  the  addition  of  tissue  extracts  to  the 
medium,  as  recommended  by  Carrel.'    They  emphasized  the  shortcomings  of 

'  Carrel,  A.,  and  Burrows,  M.  T.,  Human  Sarcoma  Cultivated  outside  of  the 
Body,  /.  Am.  Med.  Assn.,  1910,  Iv,  1732. 

2  Carrel,  A.,  J.  Exp.  Med.,  1913,  xviii,  287. 

'  Lambert,  R.  A.,  and  Hanes,  F.  M.,  The  Cultivation  of  Tissue  in  Plasma  from 
Alien  Species,  J.  Exp.  Med.,  1911,  xiv,  129. 

■*  Maccabruni,  F.,  Esperienzi  di  coltivazioni  "in  vitro"  del  cancro  uterino  umano, 
Ann.  ostet.  e  ginecol.,  1914,  xxxvi,  pt.  i,  57. 

'  Losee,  J.  R.,  and  Ebeling,  k.  H.,  The  Cultivation  of  Human  Tissue  in  Vitro, 
J.  Exp.  Med.,  1914,  xix,  593. 

'  Losee  and  Ebeling,  The  Cultivation  of  Human  Sarcomatous  Tissue  in  Vitro, 
J.  Exp.  Med.,  1914,  xx,  140. 

'  Carrel,  Artificial  Activation  of  the  Growth  in  Vitro  of  Connective  Tissue, 
/.  Exp.  Med.,  1913,  xvii,  14. 
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their  technique  and  stated  that  they  experienced  many  failures,  for  which  the  early 
rapid  liquefaction  of  the  fibrin  was  held  responsible. 

In  our  iirst  efforts  to  cultivate  human  tissues  in  which  unmodified 
human  plasma  was  used  as  a  culture  medium,  the  results  were  prac- 
tically the  same  as  those  of  Carrel,  and  Losee  and  Ebeling.  In  only- 
exceptional  cases  were  we  able  to  obtain  satisfactory  growths.  There 
was  regularly  rapid  digestion  of  the  fibrin  about  the  pieces  of  tissue, 
thus  completely  blocking  cell  migration.  We  therefore  undertook 
to  overcome  this  difficulty.  It  may  be  noted  here  that  it  is  not  the 
ability  of  human  tissue  to  digest  fibrin,  but  rather  the  susceptibihty 
of  human  fibrin  to  digestion  which  is  the  basis  of  the  trouble,  for 
we  found  that  human  tissue  did  not  Hquefy  the  fibrin  of  foreign 
plasmas,  while  it  was  observed  that  human  fibrin  was  readily  digested 
by  the  ferments  of  practically  every  foreign  tissue. 

In  the  cultivation  of  the  tissues  of  a  number  of  lower  animals, — 
rats,  mice,  guinea  pigs,  rabbits,  dogs,  cats,  fowls,  and  pigeons, — using 
the  plasma  from  these  and  other  species,  liquefaction  was  not  infre- 
quently observed,  though  never  so  regularly  or  extensively  as  in  cul- 
tures containing  human  plasma.  It  was  noted,  moreover,  that  fowl 
and  pigeon  plasma  were  never  liquefied,  except  in  the  presence  of 
particular  types  of  bacteria.  Since  earlier  experiments  had  shown 
that  tissues  from  certain  of  the  lower  animals  could  be  cultivated  in 
plasma  from  foreign  species,'  it  occurred  to  us  that  this  property 
of  fowl  and  pigeon  plasma  to  resist  digestion  might  be  utilized  in 
growing  human  tissues.  It  seemed  possible  that  chick  fibrin  might 
be  made  to  serve  as  the  framework  of  the  culture  medium  with  human 
serum  or  plasma  added  to  supply  the  necessary  nutritive  substances. 
A  medium  was  therefore  prepared  by  mixing  a  small  quantity  of 
chick  plasma  with  a  considerably  larger  quantity  of  human  serum. 
Various  human  tissues  (lymph  gland,  spleen,  skin,  etc.)  obtained  at 
operation  were  put  up  in  this  mixed  medium.  No  liquefaction  was 
observed,  and  active  progressive  growth  with  numerous  mitotic 
figures  was  seen  in  the  majority  of  the  preparations  where  soft  friable 
tissue  was  used.  Tissues  removed  at  autopsy  several  hours  after 
death  were  cultivated,  the  preparations  showing  in  some  instances  a 
very  active  growth  of  connective  tissue  ceUs.     It  was  not  necessary 
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to  make  transfers  to  fresh  plasma  oftener  than  every  5  days.  Con- 
tinued propagation  through  subcultures  was  carried  on  for  several 
months  with  as  little  difficulty  as  in  the  cultivation  of  similar  tissues 
from  lower  animals.  It  may  be  noted  that  human  tissues  will  grow 
in  pure  fowl  plasma,  but  growth  is  not  so  active  or  so  prolonged  as 
in  the  modified  medium  contaim'ng  human  serum.  Various  propor- 
tions of  fowl  plasma  and  human  serum  were  tested  with  the  object  of 
working  out  an  optimum  medium.  A  mixture  of  chick  plasma,  one 
part,  and  human  serum,  four  parts,  seemed  to  yield  the  best  growth. 
The  use  of  a  relatively  small  amount  of  plasma  has  also  an  economic 
advantage  in  that  human  serum  may  obviously  be  obtained  more 
easily  and  in  larger  quantity  than  fowl  plasma.  Furthermore, 
serum  is  easily  preserved,  whereas  plasma  sometimes  clots  after  a 
few  hours,  even  when  kept  cold  in  parafi&ned  receptacles.  It  may  be 
suggested  that  a  still  smaller  proportion  of  plasma  can  be  used  since 
one  part  of  plasma  to  twenty  of  serum  will  form  a  fairly  firm  clot. 

The  human  serum  used  in  these  preliminary  experiments  came  from 
a  single  individual.  Autogenous  plasma  was  not  used  since  studies 
upon  the  cultivation  of  the  tissues  of  lower  animals  had  shown  that 
plasma  from  the  animal  supplying  the  tissue  was  no  better  as  a  cul- 
ture medium  than  plasma  obtained  from  other  members  of  the  same 
species.  For  example,  it  has  been  found  that  the  cells  of  transplant- 
able mouse  and  rat  tumors  would  grow  quite  as  well  in  the  plasma  of 
rats  and  mice  artificially  or  naturally  immune  to  these  tumors  as  in 
the  plasma  of  timior-bearing  animals.'  It  seemed  conceivable,  how- 
ever, that  human  tissues  might  prove  more  sensitive  to  individual 
variations  in  the  culture  medium.  While  studying  this  question  it 
occurred  to  us  that  the  influence  of  naturally  existing  iso-antibodies 
(agglutinins  and  hemolysins)  upon  growth  in  vitro  might  be  inves- 
tigated at  the  same  time. 

The  interagglutinating  reactions  of  human  bloods,  due,  as  Land- 
steiner  and  Leiner'  and  others  have  shown,  to  the  existence  of  two 

'  Lambert  and  Hanes,  A  Study  of  Cancer  Immunity  by  the  Method  of  Cul- 
tivating Tissues  outside  the  Body,  /.  Exp.  Med.,  1911,  siii,  505. 

'  Landsteiner,  K.,  and  Leiner,  K.,  Ueber  Isolysine  und  Isoagglutinine  im  mensch* 
lichen  Blut,  Centr.  BakterioL,  lie  Abt.,  Orig.,  1905,  xxxviii,  548. 
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agglutinins  and  two  agglutinogens  in  four  different  combinations'" 
are  well  known.  By  simple  agglutination  tests  any  indi\'idual  is 
found  to  fall  into  one  of  four  groups  depending  on  the  power  of  his 
serum  to  agglutinate  the  blood  of  certain  other  persons,  and  on  the 
susceptibility  of  his  blood  to  agglutination;  that  is,  on  the  presence 
or  absence  of  one  or  both  of  the  two  agglutinins  and  agglutinogens. 

For  our  experiments  serum  was  obtained  from  individuals  belong- 
ing to  each  of  the  four  groups,  and  from  the  patients  whose  tissues 
were  used  for  cultivation.  The  following  protocol  is  illustrative  of 
the  results  obtained. 

Experiment  210. — An  axillary  lymph  gland,  removed  at  operation  and  showing 
microscopically  changes  characteristic  of  Kodgkin's  disease,  was  placed  in  a 
sterile  dish  of  cold  salt  solution.  1  hour  later  tissue  cultures  were  put  up  in  each 
of  the  following  sera,  to  which  chick  plasma  was  added  in  the  proportion  of  one  part 
of  plasma  to  four  of  serum:  Group  I,  Group  II,  Group  III,  Group  IV,  and  patient's 
serum  (Group  II).  Ten  cultures  of  each  series  were  prepared  and  examined  daily 
during  the  following  week  of  incubation.  Within  24  hours  active  migration  of 
large  mononuclear  wandering  cells  and  leukocytes  was  noted  in  practically  every 
culture.  On  the  2nd  and  3rd  days  a  beginning  outgrowth  of  connective  tissue 
cells  was  observed,  reaching  a  maximum  activity  about  the  5th  da5^  At  no  time 
could  any  di.Terence  in  the  five  series  be  detected.  The  usual  variations  in  in- 
dividual cultures  were  seen,  but  the  average  extent  of  outgrowth  was  practicaUy 
the  same  for  each  series.  There  was  likewise  no  difference  in  the  frequency  of 
mitotic  figures,  which  can  be  readily  recognized  by  the  practised  observer  in  the 
living  unstained  preparations. 

Other  experiments  in  which  tissues  from  Group  I  and  Group  III 
individuals  were  used  gave  the  same  result.  While  we  were  unable 
to  secure  any  tissue  from  a  person  belonging  to  Group  IV,  as  such 

^''  It  is  assumed  that  there  exist  in  human  sera  two  agglutinins,  a  and  b,  and  two 
corresponding  agglutinogens,  A  and  B.  The  blood  of  Group  I  possesses  both  ag- 
glutinins but  no  agglutinogens.  It  therefore  agglutinates  the  blood  of  all  other 
groups,  but  is  not  agglutinated  by  any  serum.  Group  II  possesses  agglutinin  a 
and  agglutinogen  B.  It  agglutinates  blood  of  Group  III  and  Group  IV,  and  is  ag- 
glutinated by  members  of  Group  I  and  Group  III.  Group  III,  the  reciprocal  of 
Group  II,  possessing  agglutinin  b  and  agglutinogen  A,  is  agglutinated  by  Group 
I  and  Group  II  sera,  and  agglutinates  the  corpuscles  of  the  third  and  fourth 
groups.  Group  IV  contains  no  agglutinin  but  has  both  agglutinogens.  Its 
serum  therefore  has  no  agglutinating  power,  but  its  corpuscles  are  agglutinated 
by  the  sera  of  all  other  groups. 


ROBERT  A.   LAMBERT  371 

people  are  rare,  we  feel  justified  in  concluding  that  normally  existing 
iso-antibodies  in  human  blood  do  not  influence  in  any  way  the  growth 
of  human  tissues  in  vitro. 

In  addition  to  the  question  of  culture  medium  we  have  been  con- 
cerned with  another  problem  in  connection  with  the  technique  of 
cultivating  human  tissues  in  vitro;  namely,  the  preservation  of  tissues 
after  removal  from  the  body.  It  is  often  not  convenient  to  pre- 
pare cultures  immediately  upon  the  receipt  of  the  tissue  from  the 
operating  room  or  autopsy  table.  It  is  also  desirable  in  many  cases 
to  carry  out  a  number  of  experiments  with  the  same  tissue,  not  pos- 
sible in  a  few  hours'  time.  Furthermore,  the  duration  of  life  of  tissues 
in  cold  storage  is  a  question  of  biological  interest  as  well  as  of  prac- 
tical importance.  In  order  to  determine  the  period  of  survival  under 
conditions  of  ordinary  ice  box  preservation,  cultures  of  the  tissue 
were  made  on  the  day  of  removal,  and  at  2  day  intervals  thereafter, 
up  to  12  days.  A  type  experiment  is  described  in  the  following 
protocol. 

Experiment  320. — A  piece  of  smaU  tumor  removed  surgically  from  the  region 
of  the  parotid  gland  (microscopically,  a  typical  mixed  tumor)  was  placed  imme- 
diately in  the  ice  bo.x  in  a  dish  of  physiological  salt  solution  (0.8  per  cent).  Half 
an  hour  later  the  ttimor,  which  was  composed  of  soft  friable  tissue,  rather  gelat- 
inous in  places,  was  cut  into  small  pieces.  From  some  of  these,  cultures  were 
made  immediately.  The  remainder,  covered  with  salt  solution  in  a  Petri  dish, 
were  returned  to  the  ice  box,  an  ordinary,  small  wooden  structure  with  a  lid,  the 
temperature  of  which  fluctuated  between  10°  and  15°C.  The  ten  cultures  put 
up  on  the  day  of  operation  grew  well,  showing  after  2  to  3  days'  incubation 
numerous  large  cells  of  irregular  shape  with  frequent  mitotic  figures.  Cultures 
made  on  the  2nd  and  4th  days  of  preservation,  showed  simUar  activity,  though  in 
the  case  of  the  tissue  preserved  for  the  longer  time  there  was  a  longer  latent  period 
before  migration  was  observed.  Tissue  kept  for  6  days  showed  growth  in  the 
majority  of  preparations,  though  not  so  good  as  those  put  up  on  the  4th  day.  In 
the  8  day  series  only  a  few  active  cells  were  seen.  Preparations  of  tissue  kept  for 
10  and  12  days  were  all  negative. 

In  another  experiment  in  which  a  piece  of  lymph  gland  was  used, 
no  cells  survived  longer  than  6  days.  A  glioma  showed  some  growth 
after  8  days'  preservation,  but  none  after  10  days. 

These  experiments  show  that  under  very  simple  conditions  of  pres- 
ervation human  connective  tissue  cells  and  the  cells  of  certain  benign 
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tumors  remain  alive  in  the  ice  box  for  6  to  8  days  at  least.  10  days 
probably  represents  the  limit  of  survival.  The  period  of  survival  is 
approximately  the  same  as  that  determined  for  normal  rat  connec- 
tive tissue,  though  somewhat  shorter  than  that  for  embryonic  chick 
tissues,  which  previous  experiments  have  shown  live  8  to  16  days  in 
storage.''  The  optimum  temperature  for  chick  tissues  was  found  to 
be  about  6°C.  The  optimum  temperature  for  preserving  human 
tissues  was  not  determined. 

CONCLUSIONS. 

1.  Unmodified  human  plasma  is  not  a  satisfactory  culture  medium 
for  human  tissues  owing  to  the  susceptibility  of  human  fibrin  to  diges- 
tion by  tissue  ferments.  The  necessary  framework  is  thus  destroyed 
before  the  cells  begin  to  migrate.  The  difficulty  can  be  overcome  by 
adding  to  human  plasma  or  serum  a  small  quantity  of  fowl  or  pigeon 
plasma,  the  fibrin  of  which  is  highly  resistant  to  digestion.  Human 
tissues  have  been  propagated  in  this  medium  for  several  months 
through  subcultures,  and  growth  in  vitro  can  probably  be  maintained 
indefinitely. 

2.  Human  tissues  show  no  greater  sensitiveness  to  changes  in  tem- 
perature and  mechanical  injury  associated  with  preparation  of  cul- 
tures than  those  of  lower  animals.  They  may  be  preserved  in  an 
ordinary  ice  box  at  10-15°C.  as  long  as  6  or  8  days.  Tissues  obtained 
at  operation  give  best  results,  but  pieces  of  organs  removed  at  autopsy 
1  to  4  hours  after  death  sometimes  show  active  growth. 

3.  The  presence  of  normally  existing  iso-antibodies  (agglutinins 
and  hemolysins)  in  human  serum  is  without  influence  on  the  growth 
of  human  tissues  in  vitro.  In  other  words,  autogenous  serum  has 
no  advantage  in  tissue  cultures  over  homologous  serum. 

For  the  agglutination  tests  carried  out  in  connection  with  the 
experiments  reported,  I  am  indebted  to  Miss  M.  P.  Olmstead  of  the 
bacteriological  laboratory  of  the  Presbyterian  Hospital. 

''Lambert,  R.  A.,  The  Influence  of  Temperature  and  Fluid  Medium  on  the 
Survival  of  Embryonic  Tissues  in  Vitro,  J.  Exp.  Med.,  1913,  xviii,  406. 
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THE  INFLUENCE  OF  AUTOLYSIS  UPON  CHOLESTEROL 

ESTERS. 

By  J.  HOWARD  MUELLER. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

(Received  for  publication,  May  26,  1916.) 

It  has  been  shown^  that  cholesterol  is  absorbed  into  the  animal 
bodj'  from  the  intestinal  tract  by  way  of  the  thoracic  duct.  No 
matter  whether  it  is  fed  in  the  free  condition  or  in  the  form  of 
esters  of  the  higher  fatty  acids,  it  is  always  found  to  have  been 
converted  to  a  mixture  of  about  one  part  free  to  three  or  four 
parts  ester  by  the  time  it  reaches  the  chyle. 

There  are  probably  two  quite  distinct  functions  served  by  these 
two  forms.  Nothing  can  be  said  of  the  use  of  the  esters  of 
cholesterol,  vrhile  in  the  free  condition  it  is  known  to  act  at  least 
in  vivo  as  a  neutralizing  substance  to  a  nmnber  of  different  poisons, 
such  as  saponin,^  tetanolysin,'  a  hemolytic  agent  of  the  pneumo- 
coccus,^  and  also  conceivably,  poisons  of  metabolic  origin.  It 
seems  desirable  then,  to  study  any  f mother  interchange  between 
the  two  forms  which  may  take  place  in  the  body. 

A  review  of  results  reported  by  many  different  observers  shows 
clearlj'  that  the  total  cholesterol  of  the  blood  serum  of  practi- 
cally all  species  of  animals  reported  upon  (exclusive  of  human 
serum  under  pathological  conditions)  is  always  made  up  of  both 
free  and  combined  fractions,  25  to  35  per  cent  of  the  total  being 
free.  It  will  be  noted  that  tliis  is  the  proportion  in  which  the 
cholesterol  appears  in  the  chyle  after  its  absorption.  When 
analj'ses  of  the  red  or  white  blood  cells  or  of  practically  anj' 

1  Mueller,  J.  H.,  /.  Biol.  Chem.,  1915,  x.xii,  .1. 

-  Ransom,  F.,  Deutsch.  med.  Woch.,  1901,  xxvii,  194. 

'  Noguchi.  H.,  Univ.  Pennsylvania  Med.  Bull.,  1902,  xv,  327. 

*  Cole,  R.,  J.  Exp.  Med.,  1914,  xx,  346. 
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normal  tissue,  are  made,  the  results  are  entirely  different.  In 
the  red  cells,*  for  example,  there  is  probably  no  combined  cho- 
lesterol; very  little  is  found  in  the  white  cells,  and  the  same  is 
true  for  most  other  tissues.  The  brain  contains  practically  no 
esters;^  the  kidney,'  heart,*  and  liver  contain  varying  proportions, 
from  one-tenth  to  one-half  of  the  total. 

There  are  possibly  two  explanations  for  such  a  condition. 
Either  the  body  cells  are  able  by  means  of  enzj-mes  to  split  the 
esters  of  the  blood  plasma,  and  absorb  the  free  cholesterol,  or 
they  absorb  the  free  cholesterol  selectively,  and  the  esters  are 
destroyed  or  altered  in  some  way  other  than  by  simple  hj-droly- 
sis.  The  first  supposition  seems  the  more  reasonable,  and  experi- 
ments directed  at  the  recognition  of  such  enzjnnes  have  been 
carried  out.  Tt  may  be  stated  here  that  the  results  have  been 
negative,  but  for  reasons  which  will  appear  later  it  seemed  worth 
while  to  present  the  material  briefly  at  this  stage. 

The  attempt  has  been  made  to  show,  by  means  of  autolysis 
of  blood,  liver,  and  mixtures  of  the  two,  that  there  occurred 
hydrolysis  of  the  esters  of  cholesterol  which  normally  exist  in 
such  materials.  This  form  of  experiment  and  the  selection  of 
this  material  was  suggested  by  two  reports  in  the  literature,  and 
it  was  hoped  to  make  these  the  basis  for  more  extended  work. 

Schultz'  autolyzed  human,  horse,  and  dog  blood,  and  also 
liver  and  mixtures  of  blood  and  liver  in  the  presence  of  sodium 
fluoride  and  thymol  or  chloroform  as  preservatives.  He  was 
unable  to  get  any  evidence  of  hydrolysis  in  blood  alone,  but  in 
horse  liver  alone  and  in  mixtures  of  horse,  and,  to  a  less  extent, 
of  sheep  blood  and  liver,  marked  hydrolysis  took  place.  Cytron- 
berg,'"  in  the  same  laboratory,  reported  positive  results  on  horse 
and  dog  blood  alone,  and  ascribed  Schultz's  failure  to  insufficient 
familiarity  with  the  digitonin  method  of  analysis.     This  work  has 

*  Wacker,  L.,  and  Hueok,  W.,  Arch.  cxp.  Path.  u.  Pharm.,  1913,  Ixxiv, 
416. 

'  Lapworth,  A.,  J.  Path,  and  Bad.,  1911,  xv,  254. 

'  Windaus,  A.,  Z.  phijsiol.  Chem.,  1910,  Ixv,  110. 

'  Hess-Thaysen,  T.  E.,  Habilitationsschrift,  Copenhagen,  1913;  ab- 
stracted in  Cenir.  Biochem.  u.  Biophysik.,  1913-14,  xvi,  85. 

'  Schultz,  J.  H.,  Biochem.  Z.,  1912,  xlii,  255. 
1"  Cytronberg,  S.,  Biochem.  Z.,  1912,  xlv,  281. 
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remained  unconfirmed,  except  for  the  statement  of  Gardner  and 
Lander"  that  in  an  autolyzed  cat  liver,  no  cholesterol  esters  could 
be  found. 

There  are  certain  peculiarities  about  the  figures  quoted  by 
Schultz  and  by  Cytronberg  which  may  be  mentioned  briefly. 
Both  workers  analyzed  equal  quantities  of  blood,  usually  200  cc. 
before  and  after  autolysis.  Corper'^  and  Thiele"  have  shown  that 
total  cholesterol  is  not  decreased  on  autolysis  of  tissues.  Schultz's 
figures,  however,  nearly  always  show  a  loss  of  a  third  to  a  half 
of  the  total  cholesterol  after  4  days'  autolysis,  and  in  one  case  of 
blood  and  liver,  a  loss  of  two-thirds.  This  loss  is  not  mentioned 
in  his  discussion  of  his  results.  It  is  hard  to  explain  so  much 
loss,  even  by  incomplete  extraction,  but  no  other  explanation  is 
apparent.  The  figin-es  of  Cytronberg  do  not  show  this  decrease, 
but  his  analj'ses  of  fresh  blood  are  most  peculiar  in  that  they 
show  only  about  30  per  cent  of  the  total  cholesterol  to  be  in  the 
free  condition.  From  analyses  of  whole  blood,  together  with 
analyses  of  plasma,  he  calculates  in  two  instances  that  the  red 
cells  contain  about  60  per  cent  of  their  total  cholesterol  as  esters. 
Most  analyses  available  for  reference  place  the  free  cholesterol  in 
whole  blood  at  between  60  and  70  per  cent  of  the  total.  The 
figures  given  below  for  fresh  blood  illustrate  this  well.  Further- 
more, it  is  now  generally  recognized  that  the  red  cells  contain 
cholesterol  esters  only  in  traces,  if  at  all.  Apparently,  then,  the 
analytical  results  in  both  papers  are  open  to  criticism. 

EXPERIMENTAL. 

All  blood  and  tissue  used  were  obtained  as  fresh  as  possible, 
and  always  used  within  an  hour.  Blood  was  diluted  with  an 
equal  volume  of  water  before  autolysis.  In  mixtures  of  liver 
and  blood,  the  finely  ground  Uver  was  mixed  with  an  equal  weight 
of  blood,  and  one  volume  of  water  was  added.  For  preservatives 
sodium  fluoride,  chloroform,  tricresol,  and  toluene  were  used,  in 
various  experiments.  It  may  be  said  that  in  some  of  the  experi- 
ments, in  which  liver  was  autolyzed,  there  was  apparently  so 

"  Gardner,  J.  A.,  and  Lander,  P.  E.,  Biochem.  J..  191.3,  vii,  576. 
'2  Corper,  H.  J.,  /.  Biol.  Chem.,  1912,  xi,  44. 
i»  Thiele,  F.  H.,  Biochem.  J.,  1913,  vii,  275. 
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much  putrefaction,  in  spite  of  a  reasonable  amount  of  preserva- 
tive, that  positive  results  would  have  been  questioned,  even  if 
obtained.  The  effort  was  made  in  all  the  work  to  use  the  mini- 
mum amount  of  antiseptic  effective  to  prevent  putrefaction,  in 
order  to  avoid  enzj-me  inhibition  as  far  as  possible.  In  most 
cases  extraction  has  been  carried  out  with  boihng  alcohol,  but  in 
a  few  cases  ether  has  been  used  after  drying  with  sodium  sulfate. 
Such  results  are  probably  too  low,  but,  even  so,  marked  hj^drolysis 
should  have  been  apparent.  The  alcoholic  extracts  are  concen- 
trated, diluted  with  water,  and  extracted  by  ether.  The  ether 
extract  is  divided  into  equal  parts,  one-half  saponified  with  alco- 
holic potash  for  2  hours,  and  again  extracted.  After  evaporation 
of  the  ether  from  both  fractions,  each  is  taken  up  in  10  cc.  of 
alcohol  and  precipitated  by  digitonin.  The  weight  of  the  digi- 
tonin-cholesteride  multiplied  by  0.2431  gives  in  one  case  the  free 
cholesterol  and  in  the  other  the  total. 

The  figures  in  the  column  headed  "ratio"  are  obtained  by  divid- 
ing the  percentage  of  total  cholesterol  in  the  material  by  the 
percentage  of  free. 

DISCUSSION. 

Slight  variations  in  the  results  obtained  for  total  cholesterol 
before  and  after  autolysis  are  attributable  to  experimental  error 
in  the  method.  In  none  of  the  experiments  is  there  any  such 
evidence  of  hydrolysis  as  has  been  reported  by  Schultz  and 
Cytronberg.  In  one  experiment  quoted  bj^  the  latter  the  ratio 
of  free  to  total  cholesterol  rose  from  36.6  to  91.7  during  4  days' 
autolysis,  and  other  figures  were  almost  as  striking.  It  can  only 
be  concluded  from  the  figures  here  quoted,  that  a  careful  repeti- 
tion of  their  work  has  entirely  failed  to  confirm  their  results. 

It  is  hoped  that,  later  on,  further  work  by  difl'erent  methods 
may  throw  some  light  on  the  main  question  of  whether  or  not  the 
tissues  during  life  can  h3'drolyze  the  esters  of  cholesterol. 
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Material. 

=) 
o 
S 

< 

Total. 

Free. 

Ratio. 

Remarks. 

Ox  blood,  fresh 

4  daj-s'  autolysis 

cc. 

20 
20 

percent 

0.120 
O.IOS 

percent 

0.081 
0.084 

percent 
67.5 

77.7 

CHCI3  and  NaF. 

Ox  blood,  fresh 

4.daj's'  autolysis 

20 
20 

0.099 
0.094 

0.050 
0.047 

50.51 
50.00 

CHCI3  and  NaF. 

Sheep  blood,  fresh 

4  days'  autolysis 

4      "             " 

20 
20 
20 

0.051 
0.056 
0.057 

0.031 
0.032 
0.033 

61.54 
56.90 
57.63 

CHCI3  and  NaF. 
NaF. 

Dog  blood,  fresh 

4  daj's'  autolysis 

4      "              ''       

Fresh .' 

20 
20 
20 
20 

Lost. 
0.123 
0.131 
0.169 

Lost. 
0.081 
0.082 
0.102 

65.66 
62.76 
60.11 

CHCI3  and  NaF. 

NaF. 

Same  dog  bled  3  days 

later. 

Horse  blood,  fresh 

4  days'  autolysis 

20 
20 

0.100 
0.099 

0.065 
0.060 

65.00 
60.54 

CHCI3  and  NaF. 

Sheep  blood  and  fiver, 
fresh  

Jill. 
25 

25 

0.242 
0.300 

0.125 
0.162 

51.82 
53.93 

Measurement  of  amount 

4  daj-s'  autolysis 

taken    only    approxi- 
mate. 
NaF,  tricresol,   and 
CHCI3. 

Horse  blood  and  liver, 

equal  parts,  fresh.  . 

4  days'  autolysis 

25 
25 

0.123 
0.116 

0.107 
0.105 

87.01 
90.65 

NaF  and  CHCI3. 

Horse  blood  citrated, 
fresh 

1  month's  autolysis. . . 

CC. 

20 
20 

0.108 
0.132 

0.087 
0.082 

80.55 
62.15 

Ether  extraction.  Note 
increase  in  total  a- 
mount  extracted  after 
autolysis. 

Tricresol. 

Horse  blood,  defibri- 

nated,  fresh 

1  month's  autolysis. . . 

20 
20 

0.114 
0.159 

0.092 
0.102 

80.70 
64.77 

Tricresol. 

Horse  blood  and  liver, 

equal  parts,  fresh.. 

4  day's  autolysis 

gm. 

0.1086 
0.0399 

gm. 

0.1033 
0.0036 

95.1 
90.9 

Ether  extraction. 
Tricresol  and  toluene. 
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LIPOIDS   AS   INHIBITORS   OF   ANAPHYLACTIC 

SHOCK. 

Studies  on  Ferment  Action.     XVIII. * 

By  JAMES  W.  JOBLING,  M.D.,  and  WILLIAM  PETERSEN.  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons. 
Columbia  University.  New  York.) 

The  refractory  period  following  anaphylactic  shock,  noted  early 
in  the  study  of  anaphylaxis,  has  been  variously  explained.  Among 
immunologists  the  idea  seems  to  be  generally  accepted  that  the  con- 
dition is  due  to  an  exhaustion  of  the  specific  immune  substance 
which  together  with  complement  is  supposed  to  act  upon  the  intro- 
duced antigen. 

Rusznjak  (i)  first  noted  that  iniraediately  following  anaphylactic  shock,  espe- 
cially if  protracted  or  following  an  extended  latent  period,  a  definite  rise  in 
the  antitryptic  titer  of  the  animal's  serum  occurred.  Rusznjak,  assuming  that 
the  hypothesis  of  Rosenthal  (2)  in  regard  to  the  nature  of  serum  antitrypsin 
was  correct,  interpreted  his  experiment  as  a  demonstration  of  the  splitting  of 
proteins  during  anaphylactic  shock.  He  furthermore  advanced  the  idea  that  the 
period  of  resistance  following  shock  was  due  to  this  increase  in  the  anti ferment 
property  of  the  blood.  Seligmann  (3)  could  not  confirm  these  findings,  but 
Pfeififer  and  Jarisch  (4)  later  found  the  observations  to  be  correct,  and  further- 
more showed  that  a  similar  rise  in  antitrypsin  occurred  following  various  protein 
intoxications, — hemolysins,  pro;e!n  split  products,  etc.  Zmsser  (5)  has  recently 
shown  that  an  increased  resistance  is  found  to  anaphylatoxins  following  a  first 
sublethal  injection,  and  we  have  noted  a  similar  condition  with  serotoxin  (6). 
Following  a  sublethal  serotoxin  injection  a  well  marked  rise  in  the  antitryptic 
titer  is  observed. 

The  observation  of  Rusznjak  is  therefore  true  not  only  for  anaphylaxis  but 
probably  for  every  intoxication  accompanied  by  cellular  destruction.  His  con- 
clusions, however,  being  based  on  the  erroneous  theory  of  Rosenthal  as  to  the 
nature  of  serum  antitrypsin,  are  incorrect.  We  have  recently  demonstrated  that 
the  unsaturated  lipoids  of  the  serum  are  the  substances  upon  which  the  anti- 
tryptic property  depends  (7).  The  increase  in  antitrypsin  observed  in  these  cases 
cannot  be  due  directly  to  the  protein  split  products,  but  is  to  be  explained  by 

*  Received  for  publication,  August  7,  1914. 
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the  liberation  of  lipoids  following  cellular  destruction.  The  observations  of 
Rusznjak  and  of  Pfeiffer  and  Jarisch  offer  then  no  direct  evidence  that  protein 
splitting  occurs  during  anaphylactic  shock,  but  merely  indicate  that  a  general 
cellular  intoxication  has  occurred. 

The  increase  in  antiferment  might  nevertheless  explain  the  in- 
creased resistance  to  a  second  injection  of  antigen  in  a  sensitized 
animal.  This  question  can  find  a  solution  only  if  it  is  possible  to 
increase  the  antiferment  in  the  blood  serum  by  some  means  other 
than  a  protein  intoxication,  for  following  such  injury  the  objection 
can  be  made  that  there  is  a  reduction  or  exhaustion  of  both  specific 
and  non-specific  proteases  or  antibodies  responsible  for  the  shock, 
together  with  a  destruction  of  complement.  That  complement, 
however,  can  have  no  relation  to  the  phenomena,  if  we  regard  the 
intoxication  as  purely  protein,  is  evident  from  the  fact  that  the 
complementary  action  is  not  proteolytic  but  probably  lipolytic,  a 
subject  which  we  have  briefly  discussed  in  a  previous  paper  (8). 
Serum  antitrypsin  being  lipoidal  and  capable  of  isolation  from  the 
serum  by  means  of  lipoidal  extractives  should  on  reinjection  into 
experimental  animals  cause  an  increase  in  the  antiferinent  property 
of  the  blood  serum.     Such  an  experiment  can  be  made  as  follows. 

METHODS  OF  INCREASING  THE  ANTIFERMENT   IN   THE   BLOOD. 

About  300  milligrams  of  serum  lipoids  extracted  at  various  times 
from  human  and  guinea  pig  serum  were  dissolved  in  six  cubic 
centimeters  of  olive  oil.  Of  this  solution  a  large  guinea  pig  re- 
ceived subcutaneous  injections  as  follows  : 

May  6,  1914.  15  c.c. 
May  8,  1914.  1.5  c.c. 
May  II,  1914.     2.0  c.c. 

The  antiferment  index,  determined  by  the  method  discussed  in 
our  former  papers,  is  shown  in  text-figure  i,  in  which  the  inhibition 
of  tryptic  digestion  by  0.05  of  a  cubic  centimeter  of  serum  both 
before  and  after  the  injections  is  outlined.  It  will  be  noted  that 
there  is  a  distinct  and  prolonged  rise  from  the  original  45  per  cent, 
inhibition  to  more  than  80  per  cent,  as  determined  on  May  11. 
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Olive  oil  injected  subcutaneously  in  equal  amounts  had  no  effect  on 
the  antitryptic  index. 

Inasmuch  as  it  is  difficult  to  secure  -large  amounts  of  serum 
lipoids  we  have  substituted  the  fats  prepared  from  egg  yolk  which 
contain  large  quantities  of  unsaturated  lipoids.  These  were  ob- 
tained as  follows :  The  yolk  was  extracted  twice  with  alcohol  and 
twice  with  ether.  The  extracts  were  combined  and  evaporated  to 
dryness.  The  mass  was  then  extracted  with  ether  and  precipitated 
with  acetone.  Only  the  acetone-soluble  lipoids  were  used.  As  so 
obtained  the  lipoids  are  semifluid  and  can  be  injected  without  the 
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Text-Fig.  i.     Increase    in    antitrypsin    following    injection   of    serum   lipoids 
subcutaneously. 


use  of  a  solvent.  The  increase  in  antitrypsin  following  the  sub- 
cutaneous injection  of  one  cubic  centimeter  in  a  guinea  pig  is  shown 
as  follows : 


o.io  c.c.  serum 
0.075  c.c.  serum 
0.05  c.c.  serum 
0.02s  c.c.  serum 


Inhibition  by  serum  before  injection. 
June  29,  1914. 

69  per  cent,  inhibition 

44  per  cent,  inhibition 

10  per  cent,  inhibition 

o  per  cent,  inhibition 


Atter  injection. 
July  3,  1914. 

70  per  cent. 

70  per  cent. 

70  per  cent. 

0  per  cent. 


The  guinea  pig  was  of  medium  weight.  It  was  bled  from  the 
heart  (two  cubic  centimeters)  on  June  29,  and  the  egg  fat  injected 
the  same  day.     The  rise  in  antiferment  is  marked. 
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THE  INHIBITION  OF  ANAPHYLACTIC  SHOCK. 

Having  established  the  fact  that  these  hpoids  will,  when  sub- 
cutaneously  absorbed,  cause  an  increase  in  anti  ferment,  we  investi- 
gated the  effect  of  such  injections  on  the  reaction  of  sensitized 
guinea  pigs  when  the  specific  antigen  was  injected  intravenously. 

Six  guinea  pigs  were  sensitized  on  May  l6,  1914,  witli  o.i  c.c.  of  ^horse  serum 
intraperitoneal!)-.  Three  of  the  animals  received  subcutaneous  injections  of 
serum  antitrypsin  dissolved  in  olive  oil.  The  injections,  I  c.c.  each,  were  made 
on  May  21,  Ma)'  26,  and  June  5.  Purified  horse  serum  albumen  solution  (l  per 
cent.)  was  used  for  reinjection.  The  toxic  dose  of  this  was  determined  on  the 
three  control  animals  and  resulted  as  follows : 


Animal 
No. 


Weight 


Dose  per  gm, 
weight. 


Result. 


I 

240  gm. 

0.8  c.c. 

0.0033  c.c. 

Convulsions,  respiratory  spasms 
Final  recovery  in  10  min. 

2 

280  gm. 

1.4  c.c. 

0.005    c.c. 

Death  in  2  min.     Typical. 

3 

]  300  gm. 

1.5  C.C. 

0.005    c.c. 

Same. 

The  lethal  dose,  0.005  c-c-  per  gram  weight,  was  now  injected  into  the  anti- 
trypsin guinea  pigs. 


Animal  No. 


Weight. 


Dose. 


Dose  pergm. 
weight. 


Remarks. 


210  gm. 


300  gm. 
220  gm. 


1.5  c.c. 
I.I  c.c. 


0.0047  c.c.  iScratches.  No  convulsions,  no  respira- 
tory spasms.     Remained  well. 

0.005    c.c.     Death  in  3  min.     Typical. 

0.005  c.c.  No  symptoms  except  restlessness.  Re- 
mained well. 


In  two  of  these  guinea  pigs  the  acute  shock  had  been  completely 
averted.  A  similar  and  even  more  striking  effect  was  obtained  with 
guinea  pigs  treated  with  egg  fats. 

Ten  guinea  pigs  were  sensitized  with  horse  serum  on  July  i.  1914.  Six  of 
the  animals  vi-ere  injected  previously  with  i  c.c.  of  egg  fat,  on  June  29.  One  of 
the  animals  was  killed  on  July  3  and  the  antitryptic  index  determined,  the  result 
being  shown  on  page  470.  They  received  further  injections  of  i  c.c.  each  on 
July  10  and  16.  The  effect  of  the  reinjection  of  a  i  per  cent,  horse  serum  albu- 
men solution  is  shown  in  the  following  table. 

CONTROL    ANIMALS. 


Animal  No.       Weight. 


Dose. 


Dose  per  gm. 
weight.  ' 


Result. 


170  gm. 
230  gm. 


295  gni. 
275  gm. 


0.425  c.c. 
I. IS    c.c. 


2-9S 
2.7s 


c.c. 
c.c. 


0.0025  c.c.    |No  effect. 

0.005    c.c.    'Marked   respirator^'   convulsions  and 

spasms.     Recovered  in  30  min. 
o.oi      c.c.     Death  in  2  min.     Typical. 
o.oi      c.c.     Death  in  2  min.     Typical. 


Lipoids  as  Inhibitors  of  Anaphylactic  Shock. 

The  minimum  lethal  dose  was  therefore  o.oi  of  a  cubic  centi- 
meter per  gram  weight  of  guinea  pig.  The  injection  into  the 
animals  treated  with  egg  fat  resulted  as-  follows : 


Dose  per  gm. 

No. 

Weight. 

Dose. 

weight. 

5 

360  gm. 

3.6    C.C. 

O.OI         C.C. 

Immediate    respiratory    spasms;    gradual 
recovery.     Well  after  10  min. 

6 

290  gm. 

2.9     C.C. 

O.OI         C.C. 

Scratched;  no  other  symptoms. 

7 

235  gm. 

2.3s  C.C. 

O.OI         C.C. 

No  symptoms. 

8 

190  gm. 

2.37  C.C. 

0.0I2S  C.C. 

No  symptoms. 

9 

240  gm. 

4.8     C.C. 

0.02        C.C. 

Marked  respiratory  spasms,  with  dyspnea 

for  20  min.     Complete  recovery. 

It  will  be  observed  that  all  the  animals  receiving  from  one  to 
two  times  the  lethal  dose  made  a  complete  recovery,  and  in  three 
of  the  guinea  pigs  no  symptoms  of  note  were  observed.  The 
animals  remained  well  during  the  next  two  weeks  while  under 
observation.  There  can  then  be  no  question  but  that  the  increase 
in  anti  ferment  is  able  to  protect  the  animal  from  at  least  twice  the 
minimum  lethal  dose  of  antigen  and  that  this  increase  in  anti  fer- 
ment following  a  protein  shock  must  have  a  large  share  in  the 
resistance  to  a  second  injection. 


THE  INFLUENCE  OF  LIPOIDS  PRESENT  IN  THE  ANTIGEN  ON 
ANAPHYLACTIC  SHOCK. 

It  has  been  found  difficult  to  induce  acute  anaphylactic  shock  by 
means  of  whole  bacteria,  and  differences  have  been  noted  in  the 
period  of  time  following  a  second  injection  of  various  antigens 
before  symptoms  of  shock  would  be  elicited,  the  latent  period  vary- 
ing from  one  to  fifteen  minutes.  A  long  latent  period  is  common 
with  egg  albumen ;  indeed,  Rusznjak  employed  egg  albumen  for  this 
reason  in  his  experiments.  Inasmuch  as  we  have  recently  demon- 
strated (9)  that  bacteria  contain  unsaturated  lipoids  which  repre- 
sent the  antiferment  and  that  they  resist  digestion  in  a  degree  pro- 
portional to  the  amount  of  the  lipoids  present;  and  since  egg 
albumen  resists  digestion  by  means  of  the  ordinary  tryptic  ferment 
unless  first  acted  upon  by  pepsin  in  an  acid  medium,  whereby  the 
antiferment  is  destroved  because  of  alteration  in  the  colloidal  dis- 
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persion  brought  about  by  the  change  in  reaction,  we  next  examined 
the  relative  toxicity  of  an  antigen  before  and  after  chloroform  ex- 
traction. For  this  purpose  we  used  the  same  preparation  of  purified 
horse  serum  albumen,  the  method  of  preparation  of  which  we  have 
discussed  previously  (6). 

Fifty  cubic  centimeters  of  a  i  per  cent,  solution  were  prepared, 
of  which  twenty-five  cubic  centimeters  were  thoroughly  shaken 
with  chloroform  and  incubated  for  forty-eight  hours,  the  flask  being 
shaken  at  intervals.  No  autolysis  occurred  during  this  time.  Be- 
fore use  the  chloroform  was  freed  from  the  serum  albumen  solu- 
tion by  centrifugation  and  filtration  through  a  coarse  paper  filter. 
Guinea  pigs  were  sensitized  with  horse  serum  intraperitoneally  on 
April  13,  1914.  The  minimum  lethal  dose  of  the  original  horse 
serum  albumen  solution  was  determined  as  follows : 

May  20,  1914. 


Animal 
No. 

Weight. 

Dose. 

Dose  per  gm. 
weight. 

Result. 

I 

300  gm. 

3.0     C.C. 

O.OI         C.C. 

Typical  anaphylactic  shock.     Death  in 
min. 

2 

2 

3 
4 

S 

300  gm. 
360  gm. 
310  gm. 
270  gm. 

1-5    C.C. 
0.9     C.C. 
0.77  C.C. 
0.32  C.C. 

o.oos    C.C. 
0.0025  C.C. 
0.0025  C.C. 

0.0012  C.C. 

Same. 

Recovered. 

Typical  death  in  3  min. 

Scratched;  no  other  symptoms. 

The  minimum  lethal  dose  was  therefore  about  0.0025  of  a  cubic 
centimeter  per  gram  weight.  The  extracted  serum  albumen  solu- 
tion was  toxic  in  a  much  smaller  dose,  as  will  be  seen  from  the 
following  table. 


\T'          Weight. 

Dose. 

Dose  per  gm. 
weight. 

Result. 

6 
7 
8 

9 

290  gm. 
290  gm. 
320  gm. 
300  gm. 

0.72  C.C. 
0.36  C.C. 

0.2      C.C. 
O.I      C.C. 

0.0025  C.C. 
0.0012  C.C. 

0.0006  C.C. 
0.0003  C.C. 

Death  immediate  and  typical. 
Death  immediate  and  typical. 
Death  immediate  and  typical. 
Marked  convulsions;  respiratory  spasms. 
Final  recovery. 

This  experiment  would  indicate  that  the  lipoids  combined  with 
the  protein  antigen  may  exert  a  considerable  influence  on  the  rela- 
tive toxicity  of  the  anaphylactic  antigen,   and  probably  explains 
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the  difficulty  encountered  in  obtaining  uniform  results  with  such 
antigens  as  bacteria  which  are  relatively  well  protected  by  their 
lipoidal  components. 

THE  PREVENTION  OF  ANAPHYLACTIC  SHOCK  BY  THE  SIMULTANEOUS 
INJECTION   OF   SOAP   SOLUTIONS. 

If  by  extraction  of  a  lipoid  containing  protein  antigen  it  becomes 
more  toxic,  it  would  seem  reasonable  that  by  adding  the  extracted 
lipoids  to  the  same  the  toxicity  should  be  decreased,  or,  if  added 
in  sufficient  amount,  completely  neutralized.  We  have  shown  that 
this  can  actually  be  done  with  serotoxin  (6),  and  we  discussed  the 
reasons  for  the  use  of  soaps  in  place  of  lipoid  suspensions.  A  diffi- 
culty is  encountered,  though,  in  the  use  of  soaps,  in  that  they  will 
in  themselves  on  injection  cause  a  shock  similar  to  that  observed 
in  anaphylaxis,  so  that  great  care  must  be  used  in  working  with  doses 
that  are  sublethal  (lo).  While  such  soaps,  oleates  for  example, 
are  highly  antitryptic,  we  have  noted  (7)  that  when  incubated  with 
serum,  instead  of  increasing  the  anti ferment  index  as  might  be 
expected,  they  actually  cause  a  lowering  of  the  antitryptic  titer, 
possibly  because  of  solution  of  the  serum  anti  ferment  in  the  soap 
solution.  Nevertheless,  when  added  to  the  anaphylactic  antigen, 
soap  solutions  are  able  to  render  the  reinjection  harmless  within 
certain  limits,  as  will  be  observed  in  the  following  protocols.  We 
may  state,  however,  that  we  have  not  been  able  to  secure  these 
results  when  whole  serum  was  used  as  an  antigen ;  the  results  have 
been  obtained  only  when  a  solution  of  horse  serum  albumen  was 
used.  Whether  this  depends  on  the  greater  stability  of  the 
albumens  as  contrasted  with  the  globulins,  as  might  be  indicated 
in  the  recent  work  of  de  Waele  (11),  or  whether  it  is  due  to  the 
fact  that  the  soaps  lower  the  anti  ferment  index  when  added  to  the 
whole  serum,  in  which  case  the  injected  antigen  would  have  less 
protection  than  before,  we  cannot  state. 

Sensitized  animals  and  antigen  solutions,  the  toxic  doses  of  which 
have  been  described  on  page  473,  were  used.  1.5  cubic  centimeters 
of  the  original  serum  albumen  solution  were  mixed  with  one  cubic 
centimeter  of  a  i  per  cetit.  solution  of  sodium  oleate  and  incubated 
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for  ten  minutes.     The  surely  toxic  dose  of  the  antigen  was  0.005 
of  a  cubic  centimeter  per  gram  weight. 


Weight  of  animal. 

Dose. 

!  Dose  per  gm.  weight. 

Result. 

300  gm. 

<  1.5  C.C. 

\  i.o  c.c.  soap  solution 

0.005  C.C. 

1 

No  symptoms. 

Similar  mixtures  were  made  with  the  hpoid-extracted  serum 
albumen  solution,  the  lethal  dose  of  which  was  0.0006  of  a  cubic 
centimeter  per  gram  weight. 


Weight  of  animal. 


Dose. 


Dose  per  gm.  weight. 


Result. 


280  gm. 
260  gm. 
260  gm. 


f  0.2  c.c. 

1.0  c.c.  soap  solution 

0.4  c.c. 

1.0  c.c.  soap  solution 
I  1.0  c.c. 
[  1.0  c.c.  soap  solution 


0.0007  c.c. 
0.0015  c.c. 
0.0038  c.c. 


No  effect. 
No  effect. 
No  effect. 


These  experiments  are  simply  isolated  examples  from  numerous 
trials  which  have  always  shown  the  same  result.  In  the  last  pro- 
tocol the  protection  is  observed  to  be  ample  against  five  times  the 
minimum  lethal  dose. 

Whether  or  not  this  protection  by  the  soaps  is  a  mechanical  one. 
due  to  the  formation  of  a  thin  soap  membrane  about  the  aggregates 
of  the  antigen,  whether  it  is  due  to  the  actual  antiferment  property 
of  the  soap,  or  whether  its  action  depends  on  changes  induced  in  the 
cellular  membranes  of  the  animal  so  injected,  rendering  the  cells  less 
permeable  to  the  toxic  substances  responsible  for  the  symptom- 
complex,  can,  of  course,  not  be  decided  from  these  experiments. 
We  are,  however,  inclined  to  assume  that  the  latter  is  the  explana- 
tion, especially  in  view  of  the  work  of  Schultz  (12),  Dale  (13), 
Weil  (14),  and  Coca  (15),  showing  that  the  origin  of  the  shock  is 
probably  cellular  and  not  humoral. 


CONCLUSIONS. 


I.  The  antitryptic  titer  of  the  serum  can  be  increased  by  sub- 
cutaneous injections  of  serum  lipoids  (antitrypsin)  and  of  the 
lipoids  from  egg  yolk. 
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2.  Animals  so  injected  show  a  relative  immunity  to  acute  anaphy- 
lactic shock  (two  minimum  lethal  doses). 

3.  Extraction  of  lipoids  contained  in  antigens  increases  the 
toxicity  of  the  antigen  when  injected  into  a  sensitized  animal. 

4.  Sublethal  doses  of  soap  solutions  injected  simultaneously  with 
the  antigen  (purified  horse  serum  albumen)  prevent  anaphylactic 
shock. 

5.  The  refractory  state  following  anaphylactic  shock  is  related 
in  part  to  an  increase  in  the  antitryptic  titer  of  the  serum. 
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